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Thesis abstract 
 
This thesis focusses on chronic pain, pain sensitivity, depression, and anxiety in 
people with knee osteoarthritis (OA). The thesis includes details of three 
interrelated sub-studies: Study 1: An investigation into the associations between 
pain pressure thresholds (PPTs) and self-reported pain, depression, anxiety, and 
gender in knee OA; Study 2: An investigation into the inter-rater reliability of 
pressure algometry Quantitative Sensory Testing (QST); and Study 3: Rasch 
analysis of the State-Trait Anxiety Inventory short form (STAI-SF). 
 
Previous research into self-reported pain and pain sensitivity assessed via QST 
in knee OA suggests that there are significant associations between these factors 
and depression and anxiety. However, few studies have investigated the 
relationships between pain sensitivity and mood in people with knee OA, as the 
majority of these studies are very medical in their focus. Gender differences in 
some QST studies have also been found, with women often presenting with lower 
pain thresholds than men. However, this finding has not been consistent, and 
appears to vary across different samples.  
 
For Study 1, 77 people with a diagnosis of knee OA completed self-report 
measures of current pain level, depression, and anxiety. PPTs at four body sites 
were then measured for each participant using QST. Correlations showed that 
female gender, higher pain rating, and higher levels of depression and anxiety, 
were associated with lower PPTs. Parallel multiple regression models found that 
self-reported pain rating, depression, anxiety, and gender explained between 13 
and 18% of the variance in PPTs (for each individual body site). 
 
For Study 2, 20 healthy participants underwent the QST procedure used in Study 
1 to measure their PPTs at four body sites. The QST was administered by the 
two testers who administered the QST in Study 1, in order to investigate inter-
rater reliability. Acceptable inter-class coefficients were found for each body site 
PPT, suggesting that lack of inter-rater reliability was not a weakness of Study 1.  
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For Study 3, 246 people with a diagnosis of knee OA completed the STAI-SF. In 
order to evaluate the measurement properties of the STAI-SF with this client 
group, Rasch analysis was undertaken. The study examined the fit between the 
data collected from the STAI-SF and the Rasch model, in order to investigate 
whether it meets the psychometric requirements of interval-level measurement. 
An acceptable fit to the Rasch model was found, although the measure showed 
evidence of mistargetting. 
 
The main conclusions of this thesis research were that, for people with knee OA, 
depression, anxiety, gender, and pain rating are related to PPTs and explain 
some of the variance in PPTs. The utility of the STAI-SF with people with knee 
OA was also queried. The key implication of this research is that it is important 
for the appropriateness of assessment tools used in knee OA for mood and pain 
(in research and/or clinical practice) to be more critically considered than they are 
in most current literature. This would help ensure that the data collected is more 
meaningful and helpful in guiding interventions for this client group. 
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This review is written for submission to The Cochrane Library as a Cochrane 
intervention review. The guidelines for authors are available at: www.cochrane-
handbook.org.  
 
This review was undertaken by the lead author (VT) using the Cochrane Review 
Manager software version 5.1 (RevMan 2011). However, for this submission the 
review has been formatted in Microsoft Word so is not fully formatted according 
to Cochrane guidelines. Data synthesis is not included in this submission; 
however, meta-analysis will be included in the review submitted to The Cochrane 
Library.  
 
 
 
 
 
 
 
 
 
 
  
6 
 
[Intervention Review] 
The effectiveness of psychological interventions for patients with 
osteoarthritis in reducing anxiety 
 
Victoria Tew1,2, Roshan das Nair1,2, Bryan Moreton2 
 
1Trent Doctorate of Clinical Psychology, Institute of Work, Health & 
Organisations, University of Nottingham, Jubilee Campus, Wollaton Road, 
Nottingham, NG8 1BB. 
2Arthritis Research UK Pain Centre, Institute of Work, Health & Organisations, 
University of Nottingham, Jubilee Campus, Wollaton Road, Nottingham, NG8 
1BB. 
 
Contact address: Victoria Tew, Trent Doctorate of Clinical Psychology, Institute 
of Work, Health & Organisations, University of Nottingham, Jubilee Campus, 
Wollaton Road, Nottingham, NG8 1BB. lwxvt@nottingham.ac.uk 
 
 
Dates 
Assessed as up-to-date:   01 August 2012 
Date of search:   01 August 2012  
 
ABSTRACT 
Background 
Anxiety is often experienced by individuals with osteoarthritis (OA), and may 
affect the amount of pain experienced as well as the progression of the disorder. 
There is evidence that psychological interventions may be effective at reducing 
anxiety in OA patients. However, no systematic review has investigated this to 
date.  
 
Objectives   
To determine the effectiveness of psychological interventions at reducing anxiety 
levels in patients with OA. 
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Search methods 
The following databases were searched: MEDLINE (Ovid MEDLINE(R) In-
Process & Other Non-Indexed Citations and Ovid MEDLINE(R); 1966 to 1 August 
2012); EMBASE (1980 to 1 August 2012); PsycINFO (1806 to July week 4 2012); 
and AMED (1985 to 1 August 2012). The reference lists of relevant studies, 
reviews and guidelines were also hand-searched. 
 
Selection criteria 
We selected randomised controlled trials (RCTs) or non-randomised controlled 
clinical trials (CCTs) of psychological interventions or interventions including a 
psychological component for patients with OA. Studies were only included if they 
assessed anxiety pre- and post- intervention. The trials selected had to include 
at least 1 intervention group compared to a control group or at least 2 intervention 
groups if there was no control group. Studies that included participants without 
OA were excluded unless separate data for the OA group was accessible. 
 
Data collection and analysis 
We assessed the quality and undertook data extraction for the selected studies. 
Guidelines outlined in the Cochrane Handbook for Systematic Reviews of 
Interventions Version 5.1.0 [updated March 2011] were adhered to.  
 
Results 
Six studies, including 1293 participants with OA, were included. Most of the 
interventions were mixed multidisciplinary interventions which included a 
psychological intervention component, and most were delivered in a group 
format.  Most of the psychological interventions were based on cognitive 
behavioural theory. The risk of bias was assessed as low for most of the included 
studies: only one of the studies was assessed as having a high risk of bias for 
any of the bias criteria. Only 2 studies reported significant reductions in anxiety 
post-intervention in the treatment group compared to controls. Two further 
studies, including three psychological interventions, reported significant 
reductions in anxiety post-intervention, but control data was either not collected 
or was not significantly different to intervention data.  
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$XWKRUV¶FRQFOXVLRQV 
There is some evidence to support the use of psychological treatments to reduce 
anxiety in people with OA. However, most of the interventions in the included 
studies were mixed interventions, and so it is not possible to fully assess the 
impact of the psychological intervention: further research of stand-alone 
psychological interventions in OA is required. Furthermore, due to the low number 
and the poor methodological quality of the included studies, further high quality 
research trials are needed. 
 
 
PLAIN LANGUAGE SUMMARY 
 
Psychological interventions in Osteoarthritis and their effect on anxiety 
 
People with osteoarthritis often experience anxiety, stress and worry. This anxiety 
can be linked directly to fears about their condition or a more generalised anxiety. 
Anxiety can lead to people using unhelpful strategies to manage their 
osteoarthritis, which can lead to their condition worsening. Anxiety might also 
have a direct effect on the worsening of the condition via the effects of stress on 
the body. Psychological treatments are offered to patients with osteoarthritis to 
help them manage the disorder and the effects that it has on their lives. There 
are currently a low number of studies which have investigated the effect of 
psychological treatment on reducing anxiety in people with osteoarthritis. This 
review included 6 studies with 1293 participants with osteoarthritis. These studies 
included psychological interventions or mixed treatments which included a 
psychological component. The results of this review found some evidence for the 
use of psychological interventions to reduce anxiety in people with osteoarthritis. 
However, this conclusion needs to be taken with caution because most of the 
interventions included other types treatment as well as psychological treatments. 
Also, the studies reviewed here were of limited quality. The review showed that 
more better-quality studies are needed to investigate the effect of psychological 
treatments on anxiety in people with osteoarthritis. 
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BACKGROUND 
 
Description of the condition   
 
Osteoarthritis (OA) is the most common form of arthritis in the UK, affecting an 
estimated 8.5 million people (Arthritis Care 2004). OA is characterised by tissue 
damage and abnormal bone growth at the affected body site (Arden 2006). The 
body sites most commonly affected by OA are the knee, hip, hand and spine 
(Arden 2006). 
 
Pain is a common and chronic symptom in individuals diagnosed with OA (Arden 
2006). Pain in OA has also been found to be associated with reduced physical 
and psychological health (Bookwala 2003). Psychological difficulties of 
depression and anxiety have been found to be highly prevalent in OA samples 
(Tallon 2000). Depression and anxiety have also been found to be viewed as a 
central problem in OA by OA patients (Tallon 2000). 
 
The impact of depression on OA patients has been extensively investigated (e.g. 
Sale 2008). Anxiety in OA, however, has been investigated less extensively, 
despite being found to have similar prevalence when compared to depression in 
OA (McWilliams 2004; Riddle 2010). The link between OA and anxiety can be 
explained using the fear-avoidance model of chronic pain (Lethem 1983). The 
fear-avoidance model is a cognitive behavioural model which suggests that pain 
(e.g. due to OA) leads to anxiety if the individual appraises the pain in a 
catastrophizing manner. Lethem 1983 propose that individuals experiencing 
pain-related anxiety use avoidance strategies (such as reducing activity levels) 
as an attempt to reduce the anxiety experienced. According to this model, 
avoidance can then lead to disability and depression, which maintains, and can 
even increase, the pain experienced. Similarly, McWilliams 2004 suggest that 
anxiety difficulties may lead to increased maladaptive reactions to the physical 
symptoms of OA and to worsening of OA pathology. 
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Description of the intervention   
 
Psychological interventions for OA patients are treatments based on 
psychological theory in which patients learn strategies to manage the physical, 
cognitive, behavioural and emotional impact of the disorder (Gay 2002). 
Psychological treatments for OA often include psychoeducation and discussions 
about pain and physical disability, as well as interventions focussed on reducing 
depression and anxiety (Gay 2002). Common psychological therapies in OA are 
Cognitive Behavioural Therapy (CBT) and Acceptance and Commitment Therapy 
(ACT) (Wetherell 2011). 
 
Psychological interventions in OA are also provided as part of multidisciplinary 
treatment programmes, such as arthritis self-management programmes (Barlow 
1998). Arthritis self-management programmes are usually more educational than 
pure psychological treatments (Gay 2002), with this education covering exercise 
and medication in addition to psychological factors such as anxiety (Barlow 
1998). Self-management programmes are typically based on cognitive 
behavioural theory (Barlow 1998). 
 
How the intervention might work   
 
No firm explanations have been agreed for how psychological interventions in OA 
might work in relation to reducing anxiety, however several explanations have 
been proposed. Psychological interventions in OA might reduce anxiety levels as 
patients learn psychological strategies to cope with pain and other physiological 
symptoms of OA. These psychological strategies can give patients a sense of 
control over their symptoms, which can lead to reduced stress and anxiety 
(Williams 2007). Psychological strategies such as relaxation and mindfulness 
may also have a direct effect on reducing anxiety symptoms (Williams 2007).  
 
Psychological interventions in OA often include psychoeducation about OA and 
its effects on physiology, thoughts, emotions and behaviour (Williams 2007), 
which might also have a direct effect on reducing fear and anxiety. Alternatively, 
psychological treatments in which patients learn additional strategies to cope with 
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OA pain could be effective at reducing anxiety as, according to the fear-avoidance 
model (Lethem 1983), reduced pain can lead to reduced catastrophizing beliefs, 
which can in turn lead to less pain-related anxiety. 
 
Why it is important to do this review   
 
Anxiety has been found to be a significant difficulty experienced in OA patients 
(Tallon 2000). It is therefore important to be aware of the effectiveness of 
psychological interventions in reducing anxiety in this patient group. Clarke 2009 
undertook a review of systematic literature reviews focussed on the relationship 
between depression, anxiety and chronic diseases and associated interventions. 
This review found that systematic reviews of psychological interventions for 
anxiety had been conducted for rheumatoid arthritis samples but not OA samples. 
Clarke 2009 also found systematic reviews of the effectiveness of psychological 
interventions for depression in OA. This suggests that there is a gap in the 
literature regarding reviews focussed on the effectiveness of psychological 
interventions in OA on reducing anxiety. 
 
OBJECTIVES 
 
The aims of this systematic review are to determine whether: 
 
1. Patients with OA who have received a psychological intervention show 
better outcomes in anxiety severity than those given no treatment or a 
control intervention and 
 
2. Patients with OA who have received a mixed multidisciplinary intervention 
which includes a psychological element show better outcomes in anxiety 
severity than those given no treatment or a control intervention. 
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METHODS 
 
Criteria for considering studies for this review   
 
Types of studies   
 
Randomised controlled trials (RCTs) and Clinical Controlled Trials (CCTs) with 
patients with OA were sought for inclusion in the review if they met the following 
criteria: 
1. A psychological intervention is compared to a control 
2. Anxiety is assessed pre and post intervention using a scale outcome 
measure. 
 
Types of participants   
 
Trials included in the review were limited to those with OA patients, who may or 
may not have comorbid diagnoses. Multiple health difficulties are common in 
individuals with OA (Hopman-Rock 1997): therefore it is important to not exclude 
studies which include OA patients with additional diagnoses, to ensure that the 
review is ecologically valid. Trials will be included in the review if they include OA 
patients as part of the sample along with patients will other diagnoses if it is 
possible to access the data for the OA sample only. In such cases, the study 
authors will be contacted to provide this information if the OA only data is not 
published. 
 
Types of interventions   
 
Trials will be included if there is a comparison between a treatment group that 
received a psychological intervention and a control group that received either a 
different intervention or no intervention. Psychological interventions will be 
defined as a treatment of any length which is based on psychological theory. This 
will include psychological interventions delivered by non-psychologists, 
psychoeducational interventions, or psychological self-help. Trials will also be 
included if they investigate the effectiveness of a mixed multidisciplinary 
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intervention which includes a psychological component, such as an arthritis self-
management programme. 
 
Type of outcome measures 
 
Primary outcomes   
 
Primary outcomes were measures of anxiety, including measures of specific 
types of anxiety (e.g. fear of movement) or of anxiety more generally. Trials were 
included if anxiety was assessed using a scale outcome measure.  
 
Secondary outcomes   
 
No secondary outcomes were investigated in this review as the focus is purely 
on the effect of psychological interventions on anxiety. 
 
Search methods for identification of studies   
The following databases were searched and studies were identified by one 
reviewer (VT). 
 
Electronic searches   
 
We searched the following electronic databases: 
 
1. MEDLINE (Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations 
and Ovid MEDLINE(R); 1966 to 1 August 2012) 
2. PsycINFO (Ovid; 1806 to July week 4 2012) 
3. EMBASE (1980 to 1 August 2012) 
4. AMED (1985 to 1 August 2012). 
 
The MEDLINE (Ovid) search strategy (Appendix 1) was adapted for use with the 
other electronic databases. 
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Searching other resources   
 
Additional studies were identified through hand-searching the reference list of 
relevant studies, reviews, and guidelines. 
 
Data collection and analysis   
 
Selection of studies   
 
One review author (VT) developed the search strategy by consulting search 
strategies from relevant previously published reviews (Miles 2011; Suokas 2012; 
Veehof 2011; Wallis 2011; Yohannes 2010). The strategy was then reviewed by 
two other review authors (RdN and BM).  
 
Abstracts of the studies identified using this search strategy were then evaluated 
by one author (VT) using the four inclusion criteria (see previous sections: types 
of trials, participants, interventions, and outcome measures). 
 
Data extraction and management   
 
One reviewer (VT) assessed the methodological quality of the included studies 
and rated them using Cochrane Collaboration Guidelines. A data extraction tool 
based on das Nair 2007 and CONSORT guidelines (Moher 2001) was used. As 
no CCTs were included in this review after study selection, this data extraction 
tool was appropriate for the studies identified. The data extraction tool would have 
been adapted for use with non-randomised controlled trials, using best practice 
suggestions (Deeks 2003). The following information was recorded for each 
study: 
 
Method of participant assignment: 
x Unit of assignment 
x Method used to generate the intervention assignment schedule 
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x Method used to conceal the intervention assignment schedule from 
participants and clinicians until recruitment was complete 
x The auditable process of executing the assignment method 
 
Blinding: 
x Whether (and how) outcome assessors were aware of the intervention 
allocation 
x Whether the data analyst was aware of the intervention allocation 
x Whether individual participant data were entered into the trial database 
without awareness of intervention allocation 
 
Participant follow-up: 
x The numbers and flow of participants, by intervention group, throughout 
the trial 
x The average duration of the trial 
x The reason for dropout clearly recorded 
x The timing of the outcome measures 
 
Statistical analysis: 
x Whether the analysis used the intention-to-treat (ITT) principle 
x The intended sample size and its justification 
x Trial dropouts and completers 
x The reliability, validity, and standardisation of the anxiety outcome 
measure(s) 
 
Results: 
x The appropriate analytical techniques applied to the anxiety outcome 
measure(s) 
x The appropriate measures of variability (e.g. confidence intervals for 
anxiety outcome measures) 
x The actual probability value and the nature of the significance test 
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Other characteristics: 
x Sample size 
x Age range/mean 
x Type of OA 
x Type of treatment, including modality (group or individual) and whether 
pure psychological treatment or mixed intervention 
x Treatment duration 
x Duration of follow-up 
x Anxiety outcome measure(s) used 
 
We conducted the review using the Cochrane Review Manager software version 
5.1 (RevMan 2011). 
 
Assessment of risk of bias in included studies   
 
One review author (VT) assessed the risk of bias of the included studies and 
completed the 'Risk of Bias Table' as described in the Cochrane Handbook for 
Systematic Reviews of Interventions 5.1.0 (Higgins 2011). The table includes the 
following sections: 
 
x Random sequence generation 
x Allocation concealment 
x Blinding (of participants, administrators, and data analysts) 
x Incomplete outcome data 
x Selective reporting of outcomes 
x Other sources of bias 
 
These criteria were assessed as being at a low or high risk of bias, or unclear if 
sufficient information was not provided. The reviewer was not blinded to the 
details of the studies (such as author, journal or institution) due to the reviewer's 
role in undertaking and reporting this review. A summary of the overall risk of bias 
was produced. 
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Dealing with missing data    
 
When data was missing or unclear from an article, the first author was contacted 
for further information. In the case of studies including a mixed sample of OA 
patients and patients with other conditions, the first author was contacted for 
further information regarding data pertaining to the OA sample only. When the 
anxiety data was collated with other psychological variables, the first author was 
contacted for information regarding the anxiety data. This particularly applied for 
studies using the Arthritis Impact Measurement Scales (AIMS; Meenan 1980), as 
the anxiety data are often reported as part of the 'psychological' scale (based on 
Kazis 1983).  
 
RESULTS 
 
Description of studies 
 
Results of search 
 
A total of 89 studies were identified using the search strategy (84 through the 
search of electronic databases and 5 through the additional hand-search of 
relevant papers). The titles and abstracts of these 89 studies were reviewed and 
full papers were accessed for those studies which appeared to meet the inclusion 
criteria. Studies were excluded if they met the following exclusion criteria:  
 
1. Not an intervention study; 
2. Does not include at least one psychological intervention (based on 
psychological theory) or one broader intervention including a 
psychological component; 
3. Sample includes patients without an OA diagnosis or the OA data is not 
available through published materials or communication with the lead 
author;  
4. No pre- and post-intervention anxiety data: anxiety is not assessed or the 
data are not available from the lead author; 
5. Not an RCT or CCT.  
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Excluded studies 
 
Eighty-three studies were excluded after the application of the above exclusion 
criteria. Sixty-six studies were excluded as they were not intervention studies. Six 
studies were excluded because they did not include a psychological treatment. 
Three studies were excluded because the sample included individuals without an 
OA diagnosis and the OA sample data were not published or accessible after 
contact with the lead authors. Eight studies were excluded because no pre- and 
post-intervention anxiety data were available: anxiety was not assessed at all in 
1 study; 1 study only assessed anxiety pre-intervention; and the anxiety data 
were not able to be provided by the lead authors of the other 6 studies.  
 
Included studies 
 
Following the above exclusion process, 6 studies, including a total of 1293 
SDUWLFLSDQWV PHW WKH UHYLHZ¶V LQFOXVLRQ FULWHULD %XV]HZLF]  *LUDXGHW-Le 
Quintrec 2003; Jessep 2009; Laborde 1983; Wetherell 2011; Williams 2011). See 
Table 1 for a summary of the 6 included studies, and Table 2 for further details 
related to the data quality and risk of bias criteria.  
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Table 1. Summary of the characteristics of the included studies. 
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Most of the studies were European: 3 from the UK (Buszewicz 2006; Jessep 
2009; Williams 2011) and 1 from France (Giraudet-Le Quintrec 2003). Two of the 
studies included were from the USA (Laborde 1983; Wetherell 2011). Five studies 
were conducted in community settings (Buszewicz 2006; Jessep 2009; Laborde 
1983; Wetherell 2011; Williams 2011) and the sixth study was undertaken in a 
hospital surgical outpatient and inpatient setting (Giraudet-Le Quintrec 2003). 
Three studies (Buszewicz 2006; Laborde 1983; Williams 2011) were multicentre 
trials: the other 3 trials were conducted within a single centre.  
 
Only patients with OA were included in the study samples, except for in the 
Wetherell study (Wetherell 2011). Wetherell 2011 included participants with other 
chronic pain diagnoses: however, only the OA sample data was analysed for the 
purposes of this review (this data was accessed via personal communication with 
the study author).  
 
Method of participant assignment: 
 
All of the included studies were RCTs: no CCTs were included after the execution 
of the inclusion and exclusion criteria. None of the studies reported the method 
of generating the random sequence. In four of the studies, participants were 
independently assigned to intervention groups (Buszewicz 2006; Jessep 2009; 
Williams 2011; Wetherell 2011), and Giraudet-Le Quintrec 2003 used a sealed 
envelope randomisation method. The randomisation method was not reported in 
Laborde 1983.  
 
Blinding: 
 
Three studies were single-blind RCTs (Buszewicz 2006; Williams 2011; 
Wetherell 2011). Outcomes (including anxiety outcomes) were assessed by 
VWXG\SHUVRQQHOZKRZHUHEOLQGWRWKHSDUWLFLSDQWV¶WUHDWPHQWDOORFDWLRQLQDOORI
the studies, except for Giraudet-Le Quintrec 2003 and Laborde 1983. Giraudet-
Le Quintrec 2003 was unblinded: however, the authors did include a comment of 
how they thought this would have had minimal effect on the data due to the use 
of patient self-report measures. Blinding was not reported in Laborde 1983. 
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Participants: 
 
All studies included individuals with OA, with two studies including participants 
with OA at any body site (Laborde 1983; Wetherell 2011). Two studies included 
patients with hip and/or knee OA only (Buszewicz 2006; Williams 2011). Jessep 
2009 included patients with knee OA only, and all participants in Giraudet-Le 
Quintrec 2003 had hip OA and were scheduled for hip replacement surgery.  
 
The number of participants in the studies were varied, ranging from 38 (Wetherell 
2011) to 812 (Buszewicz 2006). There was also wide variation in the number of 
participants in the treatment and control groups (smallest group size: 15 in 
Wetherell 2011, and largest group size: 406 in Buszewicz 2006). Participants in 
all studies were aged 40 or over, with most participants being in their 60s. The 
percentage of females included in treatment and control groups varied from 50% 
(Giraudet-Le Quintrec 2003) to 76% (Jessep 2009). One study did not report 
gender ratios (Laborde 1983).  
 
Interventions: 
 
Four of the trials studied group interventions (Buszewicz 2006; Giraudet-Le 
Quintrec 2003; Jessep 2009; Wetherell 2011), and 2 studies investigated 
individual treatments (Laborde 1983; Williams 2011). All studies except for 
Wetherell 2011 included multidisciplinary mixed interventions which included a 
pV\FKRORJLFDOFRPSRQHQW:HWKHUHOOLQYHVWLJDWHGWZRµSXUH¶SV\FKRORJLFDO
interventions: Cognitive Behavioural Therapy (CBT) and Acceptance and 
Commitment Therapy (ACT).  
 
Two of the group intervention studies included multidisciplinary self-management 
programmes (Buszewicz 2006; Jessep 2009). One group intervention study 
included a multidisciplinary pre-surgery education session in which there was a 
discussion of emotional preparation before surgery (Giraudet-Le Quintrec 2003). 
Laborde 1983 investigated 2 mixed interventions which included relaxation (the 
psychological component). All studies except for Williams 2011 included 
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interventions which were administered by healthcare professionals. The Williams 
study (Williams 2011) investigated the effectiveness of an educational self-help 
booklet, although these materials were developed by healthcare professionals.  
 
The psychological components of four of the five mixed intervention studies 
(Buszewicz 2006; Jessep 2009; Laborde 1983; Williams 2011) were all based on 
cognitive-behavioural theory. The psychological theory underpinning the 
psychological component of the intervention in one study (Giraudet-Le Quintrec 
2003) was not specified. However, the intervention was classed as containing a 
psychological component due to the involvement of a mental health professional 
in a question and answer session about mood.  
 
All but 2 studies compared 1 treatment intervention to 1 control intervention. In 
Laborde 1983, 4 treatment interventions (2 of which included a psychological 
component) were compared to a control. In Wetherell 2011, there was no control 
intervention: 2 psychological interventions were compared.  
 
Anxiety outcomes: 
 
All studies used standardised, reliable and valid questionnaires to assess anxiety, 
except for Laborde 1983 which assessed anxiety using an NRS. Three studies 
assessed generalised anxiety, using the following questionnaires:   
 
x Hospital Anxiety and Depression Scale (HADS; Zigmond 1983): 
Buszewicz 2006 and Jessep 2009; 
x Spielberger State-Trait Anxiety Inventory (STAI; Spielberger 1983): 
Giraudet-Le Quintrec 2003. 
 
Two studies assessed pain-related anxiety (Laborde 1983; Wetherell 2011). 
Laborde 1983 specified to participants that this measure only included anxiety 
caused by pain related to their OA. The Wetherell study (Wetherell 2011) 
assessed anxiety caused by any pain experienced. Pain-related anxiety was 
assessed in these 2 studies using the following measures: 
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x Pain Anxiety Symptom Scale (PASS; McCracken 1993): Wetherell 2011; 
x A 1-10 numerical rating scale (NRS; Huber 2007): Laborde 1983.  
 
One study (Williams 2011) assessed fear of movement (kinesiophobia) using the 
following questionnaire: 
 
x Tampa Scale of Kinesiophobia (TSK; Vlaeyen 1995).  
 
All studies assessed anxiety pre- and post-intervention. Three studies also 
measured anxiety at follow-up at least 6 months post-intervention (6 months 
follow-up: Wetherell 2011; 12 months follow-up: Buszewicz 2006 and Jessep 
2009). 
 
Risk of bias in included studies 
 
The risk of bias in the included studies was generally low (see Table 2). The risk 
of each type of bias was unclear for at least 1 study, usually due to lack of 
information.  
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Table 2. Summary of risk of bias judgements for the included studies.  
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Random sequence generation (selection bias) 
The random sequence generation was not reported for all studies, except for 
Wetherell 2011, in which it was reported but lacked sufficient details in order to 
assess the risk of bias. Therefore, the risk of bias was rated as unclear for all 
studies. 
 
Allocation concealment (selection bias) 
Allocation to groups was effectively concealed in 5 studies via a centralised 
independent system (Buszewicz 2006; Jessep 2009; Williams 2011; Wetherell 
2011) or by using sequentially numbered, opaque, sealed envelopes (Giraudet-
Le Quintrec 2003), and so the risk of bias was assessed as low. The method by 
which participants were allocated to groups was not reported in Laborde 1983, 
and so the risk of bias was assessed as unclear.  
 
Blinding (performance and detection biases) 
Three studies (Buszewicz 2006; Williams 2011; Wetherell 2011) were single-
blinded and so were assessed as having a low risk of bias in performance and 
detection. One study (Giraudet-Le Quintrec 2003) was unblinded, although the 
study authors did comment that they felt the lack of blinding would not have had 
a substantial effect on the results due to the use of patient self-report outcome 
measures. The reviewer (VT) did not feel this justification was sufficient or 
convincing, and so the risk of bias was assessed as high. Blinding was not 
reported in Laborde 1983, and so the risk of bias was assessed as unclear.  
 
Incomplete outcome data (attrition bias) 
Attrition bias was assessed as low for five of the included studies for the following 
reasons: no data were missing (Laborde 1983); or the intention-to-treat principle 
was used (Buszewicz 2006; Jessep 2009; Wetherell 2011; Williams 2011). One 
study (Giraudet-Le Quintrec 2003) did not use intention-to-treat analysis and 
there was 1 drop-out. Therefore the risk of attrition bias in this study was rated as 
unclear.  
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Selective reporting of outcomes (reporting bias) 
Reporting bias was rated as unclear for all studies except for Williams 2011, as 
the protocols were unavailable for these trials and the reporting bias was not able 
to be assessed from the available information. The Williams study (Williams 
2011) was assessed as having a low risk of bias due to the protocol being 
available and no selective reporting was evident.  
 
Other biases  
No other biases were evident in any of the studies, so other biases were assessed 
as low (not included in Table 2). 
 
Effects of interventions 
 
Two studies reported significant differences in anxiety between treatment and 
control groups post-intervention, with a reduction in anxiety evident in the 
treatment groups after intervention (Giraudet-Le Quintrec 2003; Williams 2011). 
Giraudet-Le Quintrec 2003 concluded that the reduction in generalised anxiety  
was not maintained after hip replacement surgery. In contrast, however, the 
Williams study (Williams 2011) reported that the differences in fear of movement 
beliefs (assessed using TSK) were significant at both 1 and 3 month follow-up.  
 
One study (Buszewicz 2006), concluded that there was a significant reduction in 
generalised anxiety following intervention, although this was also reported for the 
control group. This difference in pre- and post-intervention anxiety for both the 
treatment and control groups was reported as significant at the 12 month, but not 
4 month, follow-up. 
 
In the only equivalence RCT included in this review, as well as the only included 
VWXG\ZKLFKLQYHVWLJDWHGµSXUH¶psychological treatments (Wetherell 2011), it was 
concluded that there were significant differences between pre- and post-
intervention pain-related anxiety for both treatment groups (CBT and ACT). The 
study reported that these differences were maintained for both treatment groups 
at 6 month follow-up.  
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Two studies (Laborde 1983; Jessep 2009) reported no differences in anxiety 
levels between treatment and control groups post-intervention. The Laborde 
study (1983) assessed pain-related anxiety, and concluded that there were no 
differences between any of the 4 treatment groups (2 of which included a 
psychological component) or the control group. However, it is important to be 
cautious of this finding as anxiety was assessed using a non-standardised 
outcome measure. The Jessep study (Jessep 2009) concluded that there were 
no differences in generalised anxiety between the treatment and control groups 
post-intervention. Jessep 2009 reported that this lack of significant difference was 
maintained at 12 month follow. 
 
Effects of interventions on different types of anxiety 
 
Generalised anxiety 
The conclusions of the 3 studies which assessed the effects of interventions on 
generalised anxiety (Buszewicz 2006; Giraudet-Le Quintrec 2003; Jessep 2009) 
were varied. Only one of these studies (Giraudet-Le Quintrec 2003) reported a 
significant reduction in generalised anxiety post-intervention compared to the 
control group, and this difference was reported to not be maintained at follow-up. 
However, as Giraudet-Le Quintrec 2003 studied patients about to have joint 
replacement surgery, this sample may differ considerably from the samples in the 
other included studies, and so any narrative comparison should be considered 
with caution.  
 
Pain-related anxiety 
The conclusions of the 2 studies which investigated the effects of interventions 
on pain-related anxiety (Laborde 1983; Wetherell 2011) varied considerably. One 
study (Wetherell 2011) reported a significant difference between pre- and post-
intervention pain-related anxiety. However, the OA subgroup of this study had 
very small sample sizes (CBT group, n=15; ACT group, n=23) and no control was 
included; therefore, this conclusion should be taken with caution. Furthermore, 
the validity of this narrative comparison between Laborde 1983 and Wetherell 
2011 should be taken with caution as Laborde 1983 assessed anxiety specifically 
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related to OA pain, whereas Wetherell 2011 measured anxiety related to any type 
of pain.  
 
Fear of movement 
Kinesiophobia was only investigated by one study (Williams 2011) and so no 
between-studies narrative comparisons can be made.  
 
Effects of psychological interventions vs. mixed interventions on anxiety 
 
$V RQO\ RQH VWXG\ LQYHVWLJDWHG WKH HIIHFWLYHQHVV RI D µSXUH¶ SV\FKRORJLFDO
intervention (Wetherell 2011), it was not possible to compare the effects on 
anxiety of such interventions to that of mixed interventions which include a 
psychological component.  
 
 
DISCUSSION 
 
Summary of main results 
 
The effectiveness of psychological interventions, particularly self-management 
programmes which include a psychological component, for individuals with OA 
has been investigated for some time, particularly over the last 15 years. Despite 
the strong association between OA and anxiety, the effectiveness of 
psychological interventions on reducing anxiety in OA has not been extensively 
investigated.  
 
This review included 6 RCTs which assessed the effect of psychological 
interventions on anxiety in people with OA. The majority of the interventions were 
based on cognitive-behavioural theory, which is likely to be associated with the 
prevalence of this model in OA and chronic pain literature. All but one of these 
studies were published in the last decade. The quality of the studies was quite 
low, with many not meeting all of the CONSORT guidelines (Moher 2001), 
particularly in relation to the reporting of the randomisation process and blinding. 
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All but one study used standardised outcome measures of anxiety. The sample 
sizes were fairly small in all studies, except for in Buszewicz 2006.  
 
The results of this review suggest that there is some evidence to support the use 
of psychological treatments to reduce anxiety in people with OA. However, due 
to the low number and the poor methodological quality of included studies, further 
high quality research trials are needed. Much more research investigating the 
HIIHFWRIµSXUH¶SV\FKRORJLFDOLQWHUYHQWLRQVRQDQ[LHW\YDULDEOHVLQ2$LVQHHGHG
With regards to mixed interventions, there is currently little research addressing 
the effects of the different components of the interventions, including the 
psychological components, on anxiety or other factors (Gay 2002).   
 
Quality of the evidence 
 
The evidence base investigating the effect of psychological interventions on 
anxiety in OA is relatively poor. Only six studies were identified, and all but one 
trial (Buszewicz 2006) involved small samples. The CONSORT guidelines 
(Moher, 2001) for the reporting of RCTs were not followed strictly by any of the 
included studies. In particular, the blinding procedure was only adequately 
reported in 3 of the studies (Buszewicz 2006; Wetherell 2011; Williams 2011).  
 
The selection of outcome measures to assess anxiety was suitable in all studies, 
due to the use of commonly use measures in OA and chronic pain literature and 
clinical practice. However, one study (Laborde 1983) used a numerical rating 
scale (NRS) measure, which could be criticised for being non-standardised, 
which could affect the quality of the anxiety data collected in this study. It is 
important to note, though, that the use of NRS anxiety measures in chronic pain 
research has been advocated and supported by a number of publications (Huber 
2007).  
 
Potential biases in the review process 
 
One reviewer (VT) conceptualised and undertook all aspects of the review, and 
so the inclusion and bias decisions were not verified by the other review authors. 
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In future versions of this review, it will be important that multiple reviewers are 
involved in the process in order to limit decision bias. 
 
 
$87+25¶6&21&/86,216 
 
Implications for practice 
 
Anxiety difficulties are often experienced by people with OA. Psychological 
interventions or multidisciplinary interventions which include a psychological 
component can be offered to OA patients, and are becoming a much more routine 
treatment option in OA. The effect of such interventions on anxiety has not been 
as routinely investigated compared to factors such as depression and pain. This 
review found some evidence for the use of psychological interventions, delivered 
alone or as part of a multidisciplinary treatment, in reducing anxiety in people with 
OA. However, this should be treated with caution as there were a low number of 
studies with small sample sizes, and the studies were of fairly poor quality. 
 
Implication for research 
 
There is little research to draw conclusions about the effectiveness of 
psychological interventions in reducing anxiety in OA patients. Further high-
quality research is requiUHG SDUWLFXODUO\ LQYHVWLJDWLQJ µSXUH¶ SV\FKRORJLFDO
interventions as these are much less commonly researched compared to mixed 
interventions which include a psychological component. Regarding 
multidisciplinary interventions, it is also important that future research 
investigates which aspects of the treatment affect anxiety outcomes.  
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Abstract 
 
Objective  
To investigate the association between pain pressure thresholds (PPTs) and self-
reported pain, depression, anxiety, and gender in knee osteoarthritis (OA).  
Method 
Quantitative sensory testing (QST) measuring PPTs was undertaken on 77 
participants with knee OA, recruited through healthcare services in the United 
Kingdom. PPTs were measured at the sternum, medial and lateral knee joint-
lines, and medial tibia mid-shaft. Participants completed subjective measures of 
pain, depression and anxiety. 
Results  
Small-to-medium, statistically-significant correlations (with P-values ranging from 
.006 to .049) were found between PPTs and gender (rrb = -.29 to -.36; female 
gender was associated with lower PPTs) and between PPTs and at least one 
mood variable (rs = -.23 to -.37). Self-reported knee pain was significantly 
correlated with the lateral joint-line PPT (rs = -.28, P = .015), but not with the other 
PPTs. The parallel hierarchical multiple regression models for each body site PPT 
were statistically significant, and the predictor variables (gender, pain, depression 
and anxiety) explained between 13 and 18% of variation in PPTs. Gender was 
the only factor that significantly contributed to these models: female participants 
generally reported lower PPTs than male participants. 
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Conclusions 
This study suggests that gender, self-reported pain, depression and anxiety 
contribute to PPT variation in knee OA. As QST might measure central 
sensitisation, the findings could suggest that these factors are involved in central 
pain processing in knee OA. However, the gender differences could have been 
due to demand characteristics elicited by the QST procedure, which appears an 
important area for future research.  
 
Abstract word count: 250 words (maximum: 250 words) 
 
Keywords: knee osteoarthritis; pain threshold; depression; anxiety.  
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Introduction 
 
It is widely recognised that joint pain is the main symptom of knee osteoarthritis 
(OA), the most common form of OA [1]. Pain due to knee OA has been found to 
be associated with reduced physical and psychological health [2]. Therefore, it is 
important for clinicians and researchers to accurately assess pain in knee OA in 
order to provide appropriate interventions to improve quality of life.  
 
Assessment of pain 
Pain in knee OA is often assessed using subjective unidimensional self-report 
measures, such as a numeric rating scale (NRS) or visual analogue scale (VAS), 
which require the patient to rate the intensity of their pain on a linear scale [3]. 
Multidimensional self-report questionnaires have also been developed to 
measure pain in knee OA, such as the Intermittent and Constant Osteoarthritis 
Pain questionnaire [4]. One criticism of subjective self-report measures of pain is 
that they are not able to identify underlying pain mechanisms [5]. This is important 
in knee OA, as it has been argued that the experience of pain may be affected 
by peripheral nociceptive mechanisms and by central sensitisation [6].  
 
Central sensitisation  
Central sensitisation is defined DV ³LQFUHDVHG UHVSRQVLYHQHVV RI QRFLFHSWLYH
QHXURQV LQ WKH FHQWUDO QHUYRXV V\VWHP´ [7]. Central sensitisation is thought to 
result in increased sensitivity to pain [6, 8], both at the site of tissue damage (ie, 
the knee in knee OA) and at body sites remote from the affected area [6], although 
increased sensitivity at remote areas is thought to be particularly indicative of 
central sensitisation [9]. Central sensitisation has been implicated in the 
experience of pain in knee OA [9, 10], which therefore challenges the dominant 
understanding of pain in the condition as having a purely nociceptive mechanism 
[8]. Central sensitisation may be linked to repeated nociception and psychological 
factors [6]. However, this has not been investigated extensively, particularly the 
link between central sensitisation and psychological factors (in terms of cognition, 
emotion, and/or behaviour) [6, 11].  
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Although central sensitisation is discussed in much of the literature as an 
objective and real mechanism of pain in knee OA and other painful conditions [8], 
it could be criticised for being a circular concept, in that it proposes that more 
experience of pain leads to more pain.  
 
Quantitative sensory testing 
 
Despite the potential issues with central sensitisation as a concept, much interest 
has been paid to how such a mechanism could be measured [8]. Quantitative 
sensory testing (QST) is considered one such method [6]. QST has been 
GHVFULEHG DV D µVHPL-REMHFWLYH¶ PHDVXUH RI SDLQ [12], which involves the 
controlled application of a stimulus to body areas [13]. Different stimuli have been 
used in QST, including pressure, temperature, chemical, and electrical stimuli 
[14]. Pressure algometry which measures pain pressure thresholds (PPTs) has 
been found to be the most reliable form of QST in knee OA [15], and has been 
used in previous knee OA studies [eg, 9, 10, 16].  
 
PPTs in knee OA have been found to be negatively correlated with self-reported 
pain (ie, the lower the PPT, the higher the self-reported pain) [10]. PPTs have 
also been found to be negatively correlated with psychological factors such as 
depression and anxiety in knee OA patients [9] (ie, the lower the PPT, the higher 
the level of depression and anxiety). If one accepts the suggestion by many 
researchers that QST data (such as PPTs) provide a quantification of central 
sensitisation [6], these findings could suggest that mood plays a role in the 
relationship between pain and central sensitisation in knee OA. However, the 
relationships between mood, pain and PPTs have not been the main focus of 
previous research, and so this has not been investigated in detail.  
 
Depression and anxiety 
Pain has been described as a multifactorial experience which includes the role of 
psychological factors (with depression and anxiety being the most researched 
psychological variables in chronic pain samples) [17]. Prevalence rates of 
depression and anxiety for knee OA patients living in the community have been 
reported at over 20% [18], which is higher than the approximate 17% prevalence 
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rate of depression and anxiety in the general older adult population [19, 20]. 
Riddle and colleagues [18] found significantly higher pain intensity ratings in knee 
OA patients with clinical levels of depression and anxiety, compared to those 
without. Furthermore, in past knee OA research, higher levels of anxiety and 
depression have frequently been associated with higher self-reported knee pain 
intensity [eg, 21, 22]. Depression and anxiety are also perceived as a key problem 
in OA by patients [23]. Therefore, depression and anxiety appear to be important 
factors in the experience of pain in knee OA, and may be associated with higher 
levels of self-reported pain intensity.  
 
The link between knee OA pain, anxiety and depression could be explained by a 
number of psychological models, such as the fear-avoidance model of chronic 
pain [24], which is arguably the most prolific psychological explanatory model of 
the links between pain and mood in musculoskeletal disorders [25]. This 
cognitive-behavioural model suggests that pain (eg, due to knee OA) leads to 
anxiety if the individual appraises the pain in a catastrophising manner [24]. The 
fear-avoidance model proposes that individuals experiencing pain-related anxiety 
use avoidance strategies (such as reducing activity levels) as an attempt to 
reduce the anxiety experienced [24]. According to this model, avoidance of 
physical activity can lead to disability and depression, which maintains, and can 
even increase, the pain experienced [24]. Disability and depression can 
maintain/increase pain due to disuse of the body part (eg, knee) which can lead 
to further physical pathology and increased pain [25]. The experience of pain can 
also be increased via cognitive-behavioural processes linked with distress [25], 
such as the individual focussing more on their pain and physical health problems, 
which could cause them to perceive more pain.  
 
Pincus and colleagues [26] extended the fear-avoidance model to account for the 
experiences of patients who feel depressed prior to the onset of a painful 
condition. They propose that, for these patients, pre-existing depression may 
increase the likelihood of an anxiety response to the experience of chronic pain.  
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Gender 
Gender has also been highlighted as a key factor in knee OA: a meta-analysis 
found women to have a higher risk of both prevalence and incidence of knee OA 
compared to men [27]. Also, women have repeatedly been found to report higher 
levels of pain than men in chronic pain and healthy samples [28]. Potential 
explanations of this gender difference include: biological factors (eg, hormonal 
processes [28]); psychological factors (eg, higher prevalence of depression and 
anxiety and increased monitoring of bodily sensations in females compared to 
males [29]); and sociological factors (differences in gender socialisation, and 
expectations and responses from others regarding pain [30]). 
 
Gender differences have also been found in QST-assessed pain, with women 
showing lower PPTs in healthy samples [31, 32]. However, the role of gender has 
not been the focus of the majority of QST studies investigating knee OA and, 
when it has, a gender difference has not been consistently found [33]. In terms of 
the impact of psychosocial factors on gender differences in QST-assessed pain, 
a systematic review by Racine and colleagues [34] concluded that there was 
limited evidence for the role of depression on gender differences in QST-
assessed pain, and inconclusive and contradictory evidence for the role of 
anxiety.  
 
Aims 
QST (such as that measuring PPTs) has been suggested as a potential tool for 
identifying patients who may require non-medical interventions (eg, psychological 
therapy) [35]. It is therefore important to develop a more comprehensive 
understanding of PPTs and of how they relate to other factors. Specifically, the 
aim of the current study was to investigate the association between PPTs and the 
key related factors in the literature: self-reported pain, gender, anxiety, and 
depression for people with knee OA, as this has not previously been examined in 
detail.  
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Method 
 
Participants 
Seventy-seven participants were recruited from: 1. National Health Service 
(NHS) orthopaedic/musculoskeletal clinics within Nottingham University 
Hospitals NHS Trust and Sherwood Forest Hospitals NHS Trust; and 2. NHS 
General Practice (GP) surgeries within Bassetlaw Primary Care Trust (PCT), 
Derby City PCT, Derbyshire County PCT, Nottingham City PCT, and 
Nottinghamshire County PCT and County Health Partnerships. All participants 
had a clinical diagnosis of knee OA and reported accompanying knee pain. We 
conducted a clinical examination of the knee to confirm diagnosis. Exclusion 
criteria were: aged under 18 years; joint surgery less than 3 months prior to study 
participation; inability to speak and understand English; and a comorbid diagnosis 
of an inflammatory arthritic disorder (eg, rheumatoid arthritis). Inclusion criteria 
(ie, knee OA with pain) and exclusion criteria were assessed in two ways: 1. 
Recruiting gatekeeping professionals were asked to only invite people who met 
the inclusion criteria and avoid inviting those who met the exclusion criteria; and 
2. Participants were asked to screen themselves as part of the study invitation.  
 
Informed consent was obtained from all participants, and the study received 
ethical approval from Nottingham Research Ethics Committee one and 
governance permissions from each of the NHS trusts involved.  
 
Demographics 
Demographic details (gender and age) were collected from participants to provide 
information regarding sample characteristics. 
 
Quantitative sensory testing 
The method of QST used was pain-pressure algometry measuring PPTs. An 
electronic pressure algometer, a laptop recording/display device, and a patient 
switch were used (Somedic, Sweden). The pressure algometer probe was 1cm 
in diameter and covered with a padded disc. The probe was applied to 
SDUWLFLSDQWV¶VNLQZLWKDVWHDGLO\ LQFUHDVLQJSUHVVXUHDWDUDWHRINLORSDVFDOV
per second (kPa/s) [36]. Participants were instructed to indicate when the 
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SUHVVXUH VWLPXOXV KDG VWDUWHG WR IHHO SDLQIXO µWKH ILUVW VHQVDWLRQ RI SDLQ¶ E\
pressing a switch, at which time the researcher immediately removed the probe. 
The amount of pressure being applied immediately before the probe was 
UHPRYHGZDVUHFRUGHGIRUHDFKWHVW7KLVLVWKHµPHWKRGRIOLPLWV¶IRUPRI467
which is the most commonly used approach due to being less time-consuming 
than other forms of QST [13]. All QST was undertaken in a clinic room at a 
University of Nottingham and Arthritis Research UK Pain Centre research 
department by one of two trained researchers. The inter-rater reliability of 
conducting QST was investigated as part of a separate study and was found to 
be acceptable. 
 
PPTs were measured for five different body sites by the researcher, in the 
following order: 1. Fingernail bed (as a learning site for the participant to ensure 
they fully understood the procedure and instructions); 2. Sternum; 3. Medial knee 
joint-line; 4. Lateral knee joint-line; and 5. Medial tibia mid-shaft. The knee and 
tibia sites tested were those on the same leg as the knee OA for that individual. 
In cases where bilateral knee OA was present, QST was undertaken on the leg 
with the most painful knee (as decided by the participant prior to testing). Body 
sites were chosen based on a systematic review of previous QST studies with 
OA participants [14]. Each body site was tested 3 times, with an interval of two 
PLQXWHVEHWZHHQHDFK WHVW WRSURWHFWDJDLQVW µZLQG-XS¶HIIHFWV$PHDQRI WKH
three PPTs for each body site was calculated and used in the analysis, as in 
previous QST research [16, 37, 38].  
 
Questionnaires 
Before the QST, participants had completed questionnaires, via the postal 
system, evaluating pain and psychological factors. This research is part of a wider 
study (yet to be published) which aims to investigate the utility of questionnaires 
measuring a variety of psychological factors in knee OA patients. As depression 
and anxiety are factors of interest in this study, data from the Beck Depression 
Inventory II (BDI-II; [39]) and the Spielberger State-Trait Anxiety Inventory short 
form (STAI-SF; [40]) were included in the analysis. Reliability and validity of these 
measures have been demonstrated previously (BDI-II: [41]; STAI-SF: [40]). 
Furthermore, another study by the research team (as yet unpublished) explored 
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the psychometric properties of the STAI-SF in a knee OA sample using Rasch 
analysis and found acceptable model fit. 
 
Pain NRS 
On the day of the QST, participants were asked to rate the intensity of the average 
pain they had experienced in the previous week in their most painful knee from 
0-10 (where 0 represented no pain and 10 represented extreme pain). NRS 
measures of pain have been used in previous QST research in knee OA [16]. 
 
Statistical Analysis 
6SHDUPDQ¶V FRUUHODWLRQ rs) analyses were used to determine the association 
between pain (NRS), depression (BDI-II), anxiety (STAI-SF), and mean PPTs for 
each body site. Rank-biserial (rrb) correlations were conducted to analyse the 
relationships between gender and the other study factors. Hierarchical (two-
stage) multiple linear regression analyses were undertaken for each of the four 
PPTs (excluding the fingernail learning site), with gender entered in the first block, 
and pain NRS, depression (BDI-II) and anxiety (STAI-SF) in the second block. All 
predictor factors (gender, pain NRS, depression, and anxiety) were entered into 
the regression models, regardless of statistical significance, as there was judged 
to be a theoretical rationale for this based on the existing literature. Missing data 
were assessed and where appropriate values were imputed using a maximum 
likelihood procedure. Assumptions of multiple regression were analysed and 
square-root transformations were applied to the mean PPT for each body site 
and to the depression (BDI-II) data accordingly. One data point in the medial tibia 
mid-shaft PPT was also adjusted to reduce the impact of a univariate outlier. 
Residuals were investigated to ensure that no further assumptions were violated. 
SPSS version 21 was used for the analysis and, for the correlational and multiple 
regression statistics, significance was set at P < .05. 
 
Results 
 
Participant demographics, PPTs for each body site, and anxiety, depression and 
pain NRS scores and are presented in Table 3.  
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Table 3 
Participant demographics, PPTs, and pain NRS, depression and anxiety scores 
 
Mean (SD) 
 
Age (years) 67.68 (9.44) 
Gender distribution (n; %) Female (n = 43; 55.8%) 
Male (n = 34; 44.2%) 
 
Mean PPTs (kPa):  
Sternum  
Medial joint line 
Lateral joint line 
Medial tibia mid-shaft 
229.72 (143.58) 
292.96 (178.75) 
311.85 (178.99) 
194.02 (118.78) 
 
 
 
Pain NRS (possible score: 1 ± 10) 
Depression (BDI-II) (possible score: 0 ± 63) 
Anxiety (STAI-SF) (possible score: 6 ± 24)  
Median (IQR) 
 
7.00 (5.00 ± 8.00)  
10.00 (4.50 ± 15.00) 
10.00 (7.00 ± 13.75) 
 
 
Correlations 
See Table 4 for a summary of the correlations between the PPT means and 
gender, pain NRS, depression, and anxiety, which were all of small or medium 
size [42].  
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Table 4 
Correlation coefficients between PPT means and the study variables of interest 
 PPT mean 
Sternum Medial joint-
line 
Lateral joint-
line 
Medial tibia 
mid-shaft 
Gender a, c -.29 * -.36 ** -.31 * -.31 * 
Pain NRS b -.21 -.15 -.28 * -.13 
Depression b -.30 ** -.22 -.28 * -.37 ** 
Anxiety b -.25 * -.25 * -.23 * -.31 ** 
Note. a Rank-biserial correlation coefficients were calculated when gender was an 
included factor; b 6SHDUPDQ¶VFRUUHODWLRQFRHIILFLHQWVZHUHFDOFXODWHGZKHQJHQGHUZDV
not an included factor; c Gender was dummy coded as 0 = male and 1 = female; * P < 
.05; ** P < .01. 
 
The relationships between the PPT means and pain NRS, depression and anxiety 
were negatively correlated, meaning that lower PPTs (ie, higher pain sensitivity) 
were associated with higher pain NRS, depression, and anxiety scores. The 
significant correlation between gender and each PPT mean was due to higher 
mean PPTs (for all body sites) for males compared to females (see Table 5).  
 
Table 5 
Mean PPTs for each body site for males and females 
 
Gender  
PPT (kPa): mean (SD) 
Sternum Medial joint-
line 
Lateral joint-
line 
Medial tibia 
mid-shaft 
Female 189.32 
(100.57) 
238.66 
(141.00) 
262.05 
(141.03) 
160.74  
(88.91) 
Male 280.80 
(172.59) 
361.64 
(198.95) 
374.83 
(202.85) 
236.10 
(138.42) 
 
Although the correlations between the predictor variables were not the focus of 
this study, they are presented in Table 6 for information.  
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Table 6 
Correlation coefficients between gender, pain NRS, depression and anxiety  
Factor Pain NRS Depression Anxiety 
Gender a, c .00 .18 -.06 
Pain NRS b - .27 * .27 * 
Depression b - - .62 ** 
Note. a Rank-biserial correlation coefficients were calculated when gender was an 
included factor; b 6SHDUPDQ¶VFRUUHODWLRQFRHIILFLHQWVZHUHFDOFXODWHGZKHQJHQGHUZDV
not an included factor; c Gender was dummy coded as 0 = male and 1 = female; * P < 
.05; ** P < .01. 
 
Multiple linear regression  
The predictor factors were then entered into the multiple linear regression model 
for each PPT. Gender was dummy coded (0 = male; 1 = female), and was entered 
(as a dummy variable) into the multiple regression models first. Pain NRS, 
depression, and anxiety were entered together in the second stage. Four parallel 
multiple regression models were calculated (ie, one for each PPT site). Due to 
this multiple testing, the alpha values were corrected using Bonferroni-Holm 
adjustment. All regression models remained statistically-significant after this 
adjustment.  
 
For the sternum PPT multiple regression (Table 7), the stage with gender alone 
explained 7% of the variation in sternum PPT (adjusted R2 = .07), and the addition 
of depression, anxiety and pain NRS to the model explained 13% of the variation 
(adjusted R2 = .13).  
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Table 7 
Multiple hierarchical regression results for sternum PPT 
Stage of 
hierarchical 
regression 
Factors  B SE B ȕ Adjusted R2  of 
model (% of PPT 
variance explained) 
Adjusted  R2 
change  
(% change) 
P of 
model 
Stage 1 Constant 15.99 0.76 -  
.07 (7%) 
  
.010 
 Gender -2.69 1.02 -.29 * - 
Stage 2 Constant 20.67 1.92 -  
 
 
 
  
 
 
 
 Gender -2.61 1.03 -.28 *  
 Depression -0.22 0.54 -.06  
 Anxiety -0.20 0.15 -.20  
 Pain NRS -0.28 0.25 -.13 .13 (13%) + .06 (+ 6%) .006 
Note. * P < .05 
 
For the medial joint-line PPT multiple regression model (Table 8), the addition of 
depression, anxiety, and pain NRS on top of gender in stage 2 increased the 
amount of explained variation in medial joint-line PPT from 10% to 15%. 
 
Table 8 
Multiple hierarchical regression results for medial knee joint-line PPT 
Stage of 
hierarchical 
regression 
Factors  B SE B ȕ Adjusted R2  of 
model (% of PPT 
variance explained) 
Adjusted  R2 
change  
(% change) 
P of 
model 
Stage 1 Constant 18.29 0.84 -  
.10 (10%) 
  
.004 
 Gender -3.35 1.13 -.33 * - 
Stage 2 Constant 22.79 2.12 -    
 Gender -3.43 1.14 -.34 *  
 Depression 0.09 0.60 .02  
 Anxiety -0.31 0.16 -.28  
 Pain NRS -0.20 0.27 -.08 .15 (15%) + .05 (+ 5%) .004 
Note. * P < .01 
 
For the lateral joint-line PPT multiple regression (Table 9), stage 1 (with just 
gender entered) explained 7% in PPT variance. The addition of depression, 
anxiety, and pain NRS to the model explained 15% of the variation in lateral joint-
line PPT.   
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Table 9 
Multiple hierarchical regression results for lateral knee joint-line PPT 
Stage of 
hierarchical 
regression 
Factors  B SE B ȕ Adjusted R2  of 
model (% of PPT 
variance explained) 
Adjusted  R2 
change  
(% change) 
P of 
model 
Stage 1 Constant 18.59 0.84 -  
.07 (7%) 
  
.014 
 Gender -2.83 1.13 -.28 * - 
Stage 2 Constant 24.67 2.09 -  
 
 
 
.15 (15%) 
  
 
 
 
 Gender -2.79 1.12 -.28 *  
 Depression -0.18 0.59 -.04  
 Anxiety -0.21 0.16 -.19  
 Pain NRS -0.49 0.27 -.20 + .08 (+ 8%) .003 
Note. * P < .05 
 
For the medial tibia mid-shaft PPT multiple regression (Table 10), stage 2 (with 
all factors entered) increased the explained PPT variation from 8% (in stage 1) to 
18%.  
 
Table 10 
Multiple hierarchical regression results for medial tibia mid-shaft PPT 
Stage of 
hierarchical 
regression 
Factors  B SE B ȕ Adjusted R2  of 
model (% of PPT 
variance explained) 
Adjusted  R2 
change  
(% change) 
P of 
model 
Stage 1 Constant 14.72 0.68 -  
.08 (8%) 
  
.009 
 Gender -2.47 0.92 -.30 ** - 
Stage 2 Constant 18.88 1.68 -  
 
 
 
.18 (18%) 
  
 
 
 
 Gender -2.14 0.90 -.26 *  
 Depression -0.65 0.48 -.20  
 Anxiety -0.18 0.13 -.20  
 Pain NRS -0.06 0.22 -.03 +.10 (+10%) .001 
Note. * P < .05; ** P < .01 
 
Discussion 
The finding of mostly small negative correlations between PPTs and depression 
and anxiety supports previous findings in knee OA [9], and suggests that mood 
does have a role in PPTs. This supports the application of the biopsychosocial 
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model of pain in knee OA [45], and could be explained by psychological models 
such as the fear-avoidance model [24]. 
 
The fear-avoidance model proposes that higher levels of depression and anxiety 
as a response to pain are caused by unhelpful cognitions (eg, catastrophic 
appraisals) and behaviours (eg, avoidance of physical activities). This could 
mean that a more anxious and depressed individual pays more attention to bodily 
processes and is more likely to appraise them in a negative manner [25]. 
Therefore, individuals with higher levels of depression and anxiety would be more 
likely to perceive bodily sensations as painful, which would likely result in lower 
PPTs if assessed using pressure QST.  
 
If PPTs are accepted as a measure of central sensitisation (which, as discussed 
earlier in this article, is a contentious concept), then the results of this study could 
suggest a role of depression and anxiety in central sensitisation in knee OA. 
Using the fear-avoidance model, which proposes that depression and anxiety as 
a reaction to pain can lead to the experience of further pain [24] (ie, increased 
nociception), and as prolonged and repeated nociception is thought to be a likely 
cause of central sensitisation [6], it makes theoretical sense that higher levels of 
anxiety and depression could be involved in the transition from pain with a 
mechanical cause to pain also involving central sensitisation. However, a 
psychological explanation of the link between mood and PPTs does not require 
WKHLQFOXVLRQRIWKHµFHQWUDOVHQVLWLVDWLRQ¶FRQFHSW 
 
The correlations between knee pain intensity and the PPTs were of a similar size 
to those in past research [10]. However, Arendt-Nielsen and colleagues 
investigated this relationship by combining the PPTs for all body sites tested, 
rather than via separate correlational analyses for each body site as in the 
present study. Given the differences between the PPTs for each body site in the 
present research, it seems important that these correlations were analysed 
separately. The Arendt-Nielsen study also differs from the current study in that 
they measured peak pain intensity in the previous 24 hours, whereas we 
measured average pain intensity across the previous week.  
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The lack of significant correlations between pain NRS and the medial knee joint-
OLQH337VXSSRUWV)LQDQHWDO¶VILQGLQJ[9] of no difference in QST measurements 
(including PPTs) at knee sites affected by OA between patients with high or low 
reported pain. However, the Finan et al. study did find differences in QST at sites 
remote to the affected knee between patients in the high or low reported pain 
groups, which the current study did not replicate.  
 
Interestingly, the lateral knee joint-line was the only body site where higher pain 
LQWHQVLW\ZDVVLJQLILFDQWO\DVVRFLDWHGZLWKORZHU337VFRQWUDU\WR)LQDQHWDO¶V
findings [9]. Arendt-Nielsen and colleagues [10] found that more knee OA patients 
with damage to the lateral tibiofemoral knee compartment had high knee pain 
ratings compared to those without damage to this site. Although we did not 
assess radiographic knee damage severity, it could be that high pain NRS was 
also associated with damage to the lateral knee compartment in our sample, and 
that this relationship resulted in the correlation between pain rating and lateral 
knee joint-line PPT. However, a previous study found no differences in knee 
PPTs between knee OA patients with high or low radiographic damage [9], 
although it is important to note that this study did not investigate damage in 
specific parts of the knee. The importance of this finding in the present study is 
unclear and the role of radiographic damage to different parts of the knee on QST 
measurements and self-reported pain could be an interesting question for future 
research.  
 
Higher PPTs at remote body sites to the area of damage (ie, the knee) are 
considered more likely to suggest the presence of central sensitisation than 
higher PPTs at the knee itself (as the PPTs are likely to also be measuring 
aspects of the nociceptive pain) [9] 7KHUHIRUH WKH VWXG\¶V ILQGLQJ RI VOLJKWO\
stronger correlations between the psychological factors (depression and anxiety) 
and the PPTs at the remote body sites (sternum and medial tibia mid-shaft) than 
those at the knee joint sites could suggest the involvement of depression and 
anxiety in the process of central sensitisation. However, these differences in 
correlation sizes are minimal, and so no clear conclusions can be drawn from this 
finding alone. Furthermore, it is unclear whether PPTs do actual quantify central 
sensitisation (or whether they are more representative of demand characteristics 
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present within the QST assessment) and whether central sensitisation is a helpful 
concept more generally.  
 
The multiple regression models found that gender, depression, anxiety, and pain 
rating together explained between 13 and 18% of variance in PPT (dependent on 
PPT site). This suggests that these factors are important to consider in relation 
to PPTs, and the finding that they do not explain more variation is understandable 
given the multifactorial nature of pain [7].  
 
The finding of gender differences in PPTs supports previous findings of lower 
PPTs in females compared to males in healthy samples [31, 32], although does 
not replicate a past finding of no gender difference in PPTs in people with knee 
OA [33]. Several conclusions could be drawn from these findings. Firstly, it could 
represent a true gender difference in central sensitisation pain processing for 
knee OA patients (which may be due to a combination of biological and 
psychosocial factors [44]). Secondly, it could have been affected by demand 
characteristics, in terms of the impact of gender role expectations of pain [45] (eg, 
PDOHVQRWZDQWLQJWRµDGPLW¶WKDWWKHLU337KDGEHHQUHDFKHGGXULQJWKH467
Finally, there could have been an effect of the gender of the researcher 
administering the QST: both testers were female, and past research has found 
higher QST pain values when participants were tested by a researcher of the 
opposite sex [46]. This study did not investigate the role of the QST 
DGPLQLVWUDWRUV¶ JHQGHU RQ 337V EXW SUHYLRXV UHVHDUFK >@ VXJJHVWV WKDW WKH
presence of female testers may have influenced the male participants to report 
higher PPTs. Therefore, higher PPTs in the male participants could have less to 
do with a gender difference in pain sensitivity and more to do with gender role 
H[SHFWDWLRQVDQGEHOLHIVDURXQGKRZWRSUHVHQW\RXUVHOIDVµPDVFXOLQH¶WRZRPHQ
regarding pain.   
 
It is important to acknowledge several limitations of the study. Firstly depression 
and anxiety were not measured on the same day as pain rating and PPTs. 
Therefore, the data may not accurately reflect the state mood of the participants 
at the time of the QST, which could have impacted on the findings. Furthermore, 
the small role of depression and anxiety may be due to the measures used (BDI-
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II and STAI-SF), which, although used in past knee OA research [eg, 21, 47], 
were not developed specifically for a knee OA or chronic pain population. 
Therefore, the use of a mood measure developed for this patient group (such as 
the Depression, Anxiety, and Positive Outlook Scale [48]) may have been more 
sensitive to mood differences in the sample. Finally, it may be that other 
psychological factors are more relevant to PPTs in knee OA than depression and 
anxiety, such as pain catastrophising (although Finan et al. found similarly small 
correlations between QST measures and this psychological factor [9]).  
 
The main finding of the research is that gender, pain rating, depression, and 
anxiety have a role in PPTs at both knee and remote body sites in people with 
knee OA. Further research regarding the impact of tester characteristics (eg, age, 
gender, perceived authority) on QST data in knee OA would add a further level 
of understanding to these findings and to research in this area more broadly.   
 
Contributions 
All authors were involved in the conception of the study. Bryan Moreton led the 
recruitment for the study and the collection of the questionnaire data, and Victoria 
Tew was involved in the QST data collection. Victoria Tew analysed the data and 
drafted the journal article. Roshan das Nair and Bryan Moreton provided critical 
appraisal of the article, and Victoria Tew finalised and approved the final version 
of the article. Victoria Tew takes responsibility for the integrity of this work, and 
can be contacted at victoria.tew@hotmail.co.uk.  
 
Acknowledgments 
The authors are grateful to Maggie Wheeler for her assistance in the 
administration, recruitment and data collection of the study, and to Professors 
Nadina Lincoln, David Walsh, Michael Doherty and Brigitte Scammell for their 
contributions to the study design. Professors Lincoln and Walsh are also 
acknowledged for obtaining funding for the study. The authors also acknowledge 
the support of the National Institute for Health Research, through the 
Comprehensive Clinical Research Network. 
 
  
58 
 
Role of the funding source 
This research was funded by Arthritis Research UK. The design of the study was 
DSSURYHGE\WKHVWXG\VSRQVRUV7KHOHDGDXWKRU¶V9-7LQYROYHPHQWLQWKHVWXG\
was funded by Nottinghamshire Healthcare NHS Trust. The funding sources had 
no involvement in the journal submission process. 
 
Competing interest statement 
The authors have no conflict of interest. 
 
References  
 
1. Arden N, Nevitt MC. Osteoarthritis: epidemiology. Best Practice & 
Research Clinical Rheumatology 2006; 20: 3-25. 
2. Bookwala J, Harralson TL, Parmelee PA. Effects of pain on functioning 
and well-being in older adults with osteoarthritis of the knee. Psychology 
and Aging 2003; 18: 844-850. 
3. Huber A, Suman AL, Rendo CA, Biasi G, Marcolongo R, Carli G. 
Dimensions of "unidimensional" ratings of pain and emotions in patients 
with chronic musculoskeletal pain. Pain 2007; 130: 216-224. 
4. Hawker GA, Davis AM, French MR, Cibere J, Jordan JM, March L, et al. 
Development and preliminary psychometric testing of a new OA pain 
measure ± an OARSI/OMERACT initiative. Osteoarthritis and Cartilage 
2008; 16: 409-414. 
5. Scholz J, Woolf C. Can we conquer pain? Nature Neuroscience 2002; 5: 
1062-1067. 
6. Courtney CA, Kavchak AE, Lowry CD, O'Hearn MA. Interpreting joint pain: 
quantitative sensory testing in musculoskeletal management. Journal of 
Orthopaedic & Sports Physical Therapy 2010; 40: 818-825. 
7. International Association for the Study of Pain Task Force on Taxonomy. 
Classification of chronic pain. 3rd Edition. Seattle, WA, IASP Press 2011. 
8. Woolf C. Central sensitization: implications for the diagnosis and treatment 
of pain. Pain 2011; 152: S2-15. 
9. Finan PH, Buenaver LF, Bounds SC, Hussain S, Park RJ, Haque UJ, et 
al. Discordance between pain and radiographic severity in knee 
59 
 
osteoarthritis findings from quantitative sensory testing of central 
sensitization. Arthritis and Rheumatism 2013; 65: 363-372. 
10. Arendt-Nielsen L, Nie H, Laursen MB, Laursen BS, Madeleine P, 
Simonsen OH, et al. Sensitization in patients with painful knee 
osteoarthritis. Pain 2010; 149: 573-581. 
11. Pincus T, Burton AK, Vogel S, Field AP. A systematic review of 
psychological factors as predictors of chronicity/disability in prospective 
cohorts of low back pain. Spine 2002; 27: E109-E120. 
12. May S, Serpell M. Diagnosis and assessment of neuropathic pain. F1000 
Medicine Reports 2009; 1: 1757-5931. 
13. Hansson P, Backonja M, Bouhassira D. Usefulness and limitations of 
quantitative sensory testing: clinical and research application in 
neuropathic pain states. Pain 2007; 129: 256-259. 
14. Suokas AK, Walsh DA, McWilliams DF, Condon L, Moreton B, Wylde V, 
et al. Quantitative sensory testing in painful osteoarthritis: a systematic 
review and meta-analysis. Osteoarthritis and Cartilage 2012; 20: 1075-
1085. 
15. Wylde V, Palmer S, Learmonth ID, Dieppe P. Test-retest reliability of 
quantitative sensory testing in knee osteoarthritis and healthy participants. 
Osteoarthritis and Cartilage 2011; 19: 655-658. 
16. Harden RN, Wallach G, Gagnon CM, Zereshki A, Mukai A, Saracoglu M, 
et al. The osteoarthritis knee model: psychophysical characteristics and 
putative outcomes. Journal of Pain 2013; 14: 281-289. 
17. Vranceanu A-M, Barsky A, Ring D. Psychosocial aspects of disabling 
musculoskeletal pain. The Journal of Bone & Joint Surgery 2009; 91: 
2014-2018. 
18. Riddle DL, Wade JB, Jiranek WA. Major depression, generalized anxiety 
disorder, and panic disorder in patients scheduled for knee arthroplasty. 
The Journal of Arthroplasty 2010; 25: 581-588. 
19. Luppa M, Sikorski C, Luck T, Ehreke L, Konnopka A, Wiese B, et al. Age-
and gender-specific prevalence of depression in latest-life±systematic 
review and meta-analysis. Journal of Affective Disorders 2012; 136: 212-
221. 
60 
 
20. .LUPL]LRJOX<'R÷DQ2.X÷X1$N\]*3UHYDOHQFHRIDQ[LHW\GLVRUGHUV
among elderly people. International Journal of Geriatric Psychiatry 2009; 
24: 1026-1033. 
21. Summers MN, Haley WE, Reveille JD, Alarcón GS. Radiographic 
assessment and psychologic variables as predictors of pain and functional 
impairment in osteoarthritis of the knee or hip. Arthritis & Rheumatism 
1988; 31: 204-209. 
22. Salaffi F, Cavalieri F, Nolli M, Ferraccioli G. Analysis of disability in knee 
osteoarthritis. Relationship with age and psychological variables but not 
with radiographic score. The Journal of Rheumatology 1991; 18: 1581-
1586. 
23. Tallon D, Chard J, Dieppe P. Exploring the priorities of patients with 
osteoarthritis of the knee. Arthritis Care Research 2000; 13: 312-319. 
24. Lethem J, Slade P, Troup J, Bentley G. Outline of a fear-avoidance model 
of exaggerated pain perception²I. Behaviour Research and Therapy 
1983; 21: 401-408. 
25. Pincus T, Smeets RJ, Simmonds MJ, Sullivan MJ. The fear avoidance 
model disentangled: improving the clinical utility of the fear avoidance 
model. The Clinical Journal of Pain 2010; 26: 739-746. 
26. Leeuw M, Goossens ME, Linton SJ, Crombez G, Boersma K, Vlaeyen 
JW. The fear-avoidance model of musculoskeletal pain: current state of 
scientific evidence. Journal of Behavioral Medicine 2007; 30: 77-94.  
27. Srikanth VK, Fryer JL, Zhai G, Winzenberg TM, Hosmer D, Jones G. A 
meta-analysis of sex differences prevalence, incidence and severity of 
osteoarthritis. Osteoarthritis and Cartilage 2005; 13: 769-781. 
28. Fillingim RB. Sex, gender, and pain: women and men really are different. 
Current Review of Pain 2000; 4: 24-30. 
29. Rollman GB, AbdelǦShaheed J, Gillespie JM, Jones KS. Does past pain 
influence current pain: biological and psychosocial models of sex 
differences. European Journal of Pain 2004; 8: 427-433. 
30. Keefe FJ, Lefebvre JC, Egert JR, Affleck G, Sullivan MJ, Caldwell DS. The 
relationship of gender to pain, pain behavior, and disability in osteoarthritis 
patients: the role of catastrophizing. Pain 2000; 87: 325-334. 
61 
 
31. Racine M, Tousignant-Laflamme Y, Kloda LA, Dion D, Dupuis G, 
Choinière M. A systematic literature review of 10 years of research on 
sex/gender and experimental pain perception ± part 1: are there really 
differences between women and men? Pain 2012; 153: 602-618. 
32. Chesterton LS, Barlas P, Foster NE, Baxter GD, Wright CC. Gender 
differences in pressure pain threshold in healthy humans. Pain 2003; 101: 
259-266. 
33. France C, Keefe F, Emery C, Affleck G, France J, Waters S, et al. 
Laboratory pain perception and clinical pain in post-menopausal women 
and age-matched men with osteoarthritis: relationship to pain coping and 
hormonal status. Pain 2004; 112: 274-281. 
34. Racine M, Tousignant-Laflamme Y, Kloda LA, Dion D, Dupuis G, 
Choinière M. A systematic literature review of 10 years of research on 
sex/gender and pain perception ± part 2: do biopsychosocial factors alter 
pain sensitivity differently in women and men? Pain 2012; 153: 619-635. 
35. Phillips K, Clauw DJ. Central pain mechanisms in chronic pain states±
maybe it is all in their head. Best Practice & Research: Clinical 
Rheumatology 2011; 25: 141-154.  
36. Jensen K, Andersen HØ, Olesen J, Lindblom U. Pressure-pain threshold 
in human temporal region. Evaluation of a new pressure algometer. Pain 
1986; 25: 313-323. 
37. Nussbaum EL, Downes L. Reliability of clinical pressure-pain algometric 
measurements obtained on consecutive days. Physical Therapy 1998; 78: 
160-169. 
38. Wallin M, Liedberg G, Borsbo B, Gerdle B. Thermal detection and pain 
thresholds but not pressure pain thresholds are correlated with 
psychological factors in women with chronic whiplash-associated pain. 
Clinical Journal of Pain 2012; 28: 10. 
39. Beck A, Steer R, Brown G. Beck Depression Inventory-II, manual. San 
Antonio, TX, The Psychological Corporation 1996. 
40. Marteau TM, Bekker H. The development of a sixǦitem shortǦform of the 
state scale of the Spielberger State²Trait Anxiety Inventory (STAI). British 
Journal of Clinical Psychology 1992; 31: 301-306. 
62 
 
41. +DUULV &$ '¶(RQ -/ 3V\FKRPHWULF SURSHUWLHV RI WKH %HFN 'HSUHVVLRQ
Inventory (BDI-II) in individuals with chronic pain. Pain 2008; 137: 609-
622. 
42. Cohen J. Statistical power analysis for the behavioral sciencies. 2nd 
Edition. Hillsdale, NJ, Lawrence Erblaum Associates 1988. 
43. Hunt MA, Birmingham TB, Skarakis-Doyle E, Vandervoort AA. Towards a 
biopsychosocial framework of osteoarthritis of the knee. Disability & 
Rehabilitation 2008; 30: 54-61. 
44. Wiesenfeld-Hallin Z. Sex differences in pain perception. Gender Medicine 
2005; 2: 137-145. 
45. Wise EA, Price DD, Myers CD, Heft MW, Robinson ME. Gender role 
expectations of pain: relationship to experimental pain perception. Pain 
2002; 96: 335-342. 
46. Kállai I, Barke A, Voss U. The effects of experimenter characteristics on 
pain reports in women and men. Pain 2004; 112: 142-147. 
47. Berman RL, Iris MA, Bode R, Drengenberg C. The effectiveness of an 
online mind-body intervention for older adults with chronic pain. The 
Journal of Pain 2009; 10: 68-79. 
48. Pincus T, Williams ACdC, Vogel S, Field A. The development and testing 
of the depression, anxiety, and positive outlook scale (DAPOS). Pain 
2004; 109: 181-188. 
63 
 
Extended paper 
  
64 
 
 
 
A. Extended Background 
 
This extended background section will include an explanation of knee 
osteoarthritis (OA) and of theories of chronic pain. Psychological factors of 
interest in this research (namely anxiety and depression) will be explored, and 
further details of psychological models developed to explain the links between 
anxiety, depression and pain will be provided. The use of QST to assess pain 
sensitivity will be discussed, and a rationale for the research and its three 
component sub-studies will be provided. I will then go on to provide background 
information specific to the three sub-studies included in this research.  
 
Osteoarthritis (OA) is the most common form of arthritis in the UK, affecting an 
estimated 8.5 million people (Arthritis Care, 2004). OA is characterised by tissue 
damage and abnormal bone growth at the affected body site (Arden & Nevitt, 
2006), and is most commonly diagnosed in people aged over 45 years (Peat, 
McCarney, & Croft, 2001). The knee joint is the body site most commonly affected 
by OA (Arden & Nevitt, 2006). In a UK primary care setting, Peat et al. (2001) 
found that 18.1% of patients aged over 55 years had a diagnosis of knee OA. 
Given the increasingly ageing population in the UK, prevalence of knee OA, as 
an age-related disorder, is set to increase. This will therefore lead to increased 
service-provision and financial pressures on the NHS, with the National Institute 
for Clinical Excellence seeking to reduce costs of knee OA assessment and 
treatment (National Institute for Health and Clinical Excellence, 2008). Joint pain 
is the main symptom of knee OA (Arden & Nevitt, 2006), and therefore it is highly 
important that accurate assessment of pain is undertaken in this patient group. It 
has been suggested that pain, rather than mechanical knee damage, is actually 
WKH NH\ µSUREOHP¶ IRU PDQ\ NQHH 2$ SDWLHQWV DOWKRXJK SDLQ LQ NQHH 2$ KDV
received much less research interest historically (Jordan & Gracely, 2013). In this 
thesis, thHWHUPµSDLQ¶UHIHUVWRFKURQLFSDLQWKDW LVSHUVLVWHQWSDLQDVVRFLDWHG
with an injury or disease process), in line with the classification of pain in the 
literature (Turk & Melzack, 2001).  
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3DLQLVGHILQHGDV³DQXQSOHDVDQWVHQVRU\DQGHPRWLRQDOH[SHULence associated 
ZLWKDFWXDORUSRWHQWLDO WLVVXHGDPDJHRUGHVFULEHGLQWHUPVRIVXFKGDPDJH´
(International Association for the Study of Pain, 1994). This definition highlights 
that pain is a multifactorial experience, involving biological, psychological and 
sociocultural factors (Turk, 1996). This biopsychosocial understanding of pain 
challenges the purely biomedical explanation of pain which was dominant until 
the 1960s for pain conditions in general. Although before this time psychological 
factors were considered for understanding chronic pain, pain was viewed as 
having either biological or psychological causes (Turk & Monarch, 2006). 
Biopsychosocial models, however, suggest that pain is experienced as a result 
of complex and dynamic interactions between biological, psychological and social 
factors, rather than simply being caused by physiological damage to a particular 
body site, as proposed by medical explanations (Turk, 1996). The most prevalent 
biopsychosocial understanding of pain is the gate control theory (Melzack & Wall, 
1965).  
 
The gate control theory proposes that the experience of pain is modulated by a 
FKHPLFDOµJDWH¶LQWKHGRUVDOKRUQRIWKHVSLQDOFRUGORFDWHGLQEHWZHHQWKHERG\
VLWHDQGWKHEUDLQ,QWKHWKHRU\WKLVµJDWH¶FDQEHRSHQHG or closed depending 
RQ ZKHWKHU H[FLWDWRU\ RU LQKLELWRU\ ILEUHV DUH VWLPXODWHG 7KH WKHRU\¶V
biopsychosocial nature is that it proposes that inhibition or excitation of pain 
VLJQDOVFDQRFFXUDWERWKDµERWWRP-XS¶VHQVRU\OHYHO LQWHUPVRIQHUYHDFWLYLW\
(WKHELRORJLFDOHOHPHQW IURP WKHSHULSKHUDOERG\VLWHEXWDOVRDWD µWRS-GRZQ¶
OHYHOLQWHUPVRIWKHUROHRIWKHEUDLQRQWKHSDLQJDWH7KHFRQFHSWRIWKLVµWRS-
GRZQ¶SURFHVVVXJJHVWVWKDWSV\FKRORJLFDOIDFWRUVVXFKDVPRRGDQGDWWHQWLRQ
are involved in the excitation or inhibition of fibres at the pain gate (Turk & 
Monarch, 2006). Although the gate control theory has been criticised for a lack of 
evidence for its physiological aspects, it has remained an influential 
biopsychosocial theory of pain and led to increased interest in the role of 
psychosocial factors in the experience of pain (Turk & Monarch, 2006). The gate 
control theory has also been developed further into the neuromatrix theory, which 
includes more details regarding the neural networks in the brain involved in the 
experience of pain (Melzack, 2005). 
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The assessment of pain is a complex area, and an extensive range of methods 
and tools exist (Turk & Melzack, 2001). The majority of assessment tools used in 
both research and clinical practice are unidimensional measures of pain intensity 
(i.e. the perceived strength of the pain) (Turk & Melzack, 2001). Rating scales of 
pain intensity (such as an NRS or VAS), require the individual to indicate the level 
of their pain in a specified time period on a linear scale (Jensen & Karoly, 2001). 
These tools are easily administered and are thought to have good construct 
validity (Jensen & Karoly, 2001). However, they have been criticised for only 
measuring the sensory component of pain and not capturing information 
regarding other pain dimensions, such as psychological aspects of the 
experience in terms of emotional and cognitive components (Huber et al., 2007; 
Jensen & Karoly, 2001). Multidimensional pain questionnaires have been 
developed to enable assessment of more than just the intensity of the pain, such 
as the McGill Pain Questionnaire (Melzack, 1975) and the ICOAP (a measure 
specific to hip or knee OA; Hawker et al., 2008). However, although these 
multidimensional tools are able to measure a range of the relevant pain 
dimensions (and are therefore more comprehensive than unidimensional rating 
scales), they cannot identify the underlying pain mechanism (Scholz & Woolf, 
2002). Identification of underlying pain mechanisms is a key interest in knee OA 
research in terms of identifying subgroups of patients and targeting interventions 
according to this phenotyping (Phillips & Clauw, 2011).  
 
It appears important to be able to identify the pain mechanism in chronic pain 
conditions such as knee OA, as the process of central sensitisation is thought to 
be involved for at least some patients.1 In the case of knee OA, it is only recently 
that the dominant understanding of pain being due to mechanical knee damage 
(and therefore via peripheral and nociceptive mechanisms) has been challenged 
by suggestions that central sensitisation is also involved (Harden et al., 2013; 
Phillips & Clauw, 2011; Woolf, 2011). Pain due to central sensitisation or a 
combination of peripheral nociception and central processes is thought to be less 
responsive to traditional medical treatments (i.e. medication and surgery) and 
                                                             
1 /ƌĞĐŽŐŶŝƐĞƚŚĂƚ ?ĐĞŶƚƌĂůƐĞŶƐŝƚŝƐĂƚŝŽŶ ?ŝƐŶŽƚĂƉƌŽǀĞŶĐŽŶĐĞƉƚŝŶŬŶĞĞK ?ĂŶĚƚŚĂƚY^dĚĂƚĂŵĂǇŶŽƚ
measure central pain processing. However, as central sensitisation is a key theory within the QST 
literature, it was deemed important to include it within this thesis.  
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psychological interventions have been advocated for patients with central 
sensitisation (Phillips & Clauw, 2011). QST is considered an appropriate method 
of assessing central sensitisation in knee OA (Courtney, Kavchak, Lowry, & 
O'Hearn, 2010; Hochman, Davis, Elkayam, Gagliese, & Hawker, 2013). QST is 
currently only used in research, although it has been suggested that the 
methodology could be beneficial in clinical practice )LOOLQJLP3DYODNRYLü	
Petzke, 2010) in terms of indicating which patients could benefit from 
interventions other than traditional medical treatments aimed at reducing 
peripheral nociceptive pain (Phillips & Clauw, 2011). 
 
The main explanation for central sensitisation in knee OA in the literature is that 
it develops from ongoing and prolonged peripheral nociception (Courtney et al., 
2010). It has also been suggested that individuals may have a genetic 
predisposition to develop central pain sensitivity difficulties (Phillips & Clauw, 
2011). A further proposed explanation of central sensitisation is that psychosocial 
factors VXFK DV LQFUHDVHG OHYHOV RI GHSUHVVLRQ DQG DQ[LHW\ DQG µXQKHOSIXO¶
cognitions and behaviour; Vranceanu, Barsky, & Ring, 2009) may be involved in 
its development (Courtney et al., 2010), although this has received minimal 
attention in the literature, particularly for peripheral musculoskeletal diseases 
such as knee OA.    
 
Similarly, as with explanatory models for central sensitisation in knee OA, models 
of pain in the condition generally remain much more dominated by a biomedical 
understanding (e.g. Harden et al., 2013) than for some other painful conditions 
such as low back pain. This might be linked to the presence of a commonly-used 
surgical procedure for knee OA (knee replacement surgery) but not for many 
other pain conditions, as well as the minimal focus of pain in the OA literature 
generally (Jordan & Gracely, 2013). However, the research base in knee OA is 
beginning to address this, and a biopsychosocial understanding of the condition 
has been advocated in the literature (Hunt, Birmingham, Skarakis-Doyle, & 
Vandervoort, 2008). For example, a biopsychosocial framework of knee OA has 
enabled researchers to develop hypotheses for the common (and difficult-to-
explain within a solely medical model) finding that radiographic damage of the 
knee (damage shown by x-rays or other medical scans) is not always strongly 
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associated with level of pain reported by knee OA patients (e.g. Bedson & Croft, 
2008). 
 
For example, in a recent study which separated knee OA patients into subgroups 
according to whether they had high or low levels of self-reported pain and high or 
low radiographic knee damage, Finan, Buenaver, et al. (2013) found significantly 
higher levels of depression and anxiety reported by patients in the high pain/low 
radiographic damage group compared to those in the low pain/high radiographic 
damage group. This highlights the importance of considering psychosocial 
factors alongside biological factors in understanding the experience of pain in 
NQHH2$)LQDQHWDO¶VILQGLQJVVXJJHVWWKDWDQ[LHW\DQGGHSUHVVLRQPD\KDYH
key roles in the experience of pain for patients with knee OA, and that these 
factors may help explain (at least some of) the discrepancy in patients with high 
levels of reported pain but minimal knee damage. 
 
Higher levels of depression and anxiety have been found to be associated with 
higher reported pain by people with knee OA (e.g. Salaffi, Cavalieri, Nolli, & 
Ferraccioli, 1991; Summers, Haley, Reveille, & Alarcón, 1988). These studies 
found that both depression and anxiety (as measured by self-report 
questionnaires) were positively correlated with different aspects of pain (including 
sensory and affective pain components), meaning that higher levels of 
depression and anxiety were associated with higher self-reported pain. However, 
the Salaffi et al. study found higher correlations (with r-values of approximately 
.6) than the Summers et al. research (r-values of approximately .3), which 
highlights that mood may not have a consistent impact on pain in knee OA, and 
that other factors may be involved.  
 
Depression and anxiety have also been found to be associated with QST data 
(thought to quantify the level of central sensitisation; Courtney et al., 2010) in 
knee OA (e.g. Finan, Buenaver, et al., 2013). This study found negative 
correlations of approximately r = -.3 between both depression and QST data, and 
anxiety and QST data. These findings suggest that lower QST values (which 
suggest more pain sensitivity and greater central sensitisation) are associated 
with higher levels of depression and anxiety. This is in line with the central 
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sensitisation literature in which psychological factors are thought to be involved 
in the development of central pain processing, and in the transition from 
peripheral nociceptive mechanism to either a mixed central/peripheral process or 
one defined by central processing (Courtney et al., 2010).  
 
Although the cognitive-behavioural fear-avoidance model (Lethem, Slade, Troup, 
& Bentley, 1983) is arguably the most prevalent psychological theoretical 
explanation of the link between mood and pain it has several limitations (Pincus, 
Smeets, Simmonds, & Sullivan, 2010). The fear-avoidance model does provide 
an explanation for how anxiety, depression, and further pain can develop 
following the onset of pain, in terms of its proposal that individuals may engage 
in behavioural avoidance of the feared experience (i.e. pain) by disengaging from 
physical activity, but that this can then result in further pain and the development 
of depressed mood. However, it has been described as overly-simplistic, and 
criticised for focussing more on the experience of fear, when it could be argued 
that avoidance of activity is the key factor involved in the development and 
maintenance of mood difficulties in the context of pain, rather than anxiety being 
the key factor (Moseley, 2011; Pincus, Vogel, Burton, Santos, & Field, 2006). 
Furthermore, the fear-avoidance model does not provide an explanation of why 
some people experience anxiety at the onset of pain, and some do not, which is 
a common criticism of cognitive-behavioural theory more generally. Also, the 
model proposes that depression and anxiety are responses to pain, whereas it 
has been suggested that some patients experience depression prior to pain 
onset, and that the depressive symptoms can lead to increased behavioural 
avoidance, which can lead to increased pain and disability (Pincus et al., 2010; 
Pincus et al., 2006). Some of these criticisms lead Pincus and colleagues to 
update the fear-avoidance model to account for some of its shortcomings. The 
XSGDWHGPRGHOLQFOXGHVDµVRFLDOEHOLHIVSDWKZD\¶LQZKLFKDWWHPSWHGDYoidance 
RISDLQFDQEHGXHWRWKHLQGLYLGXDO¶VVRFLDODQGFXOWXUDOFRQWH[WDQGWKHEHOLHIV
regarding pain and health within this context (Pincus et al., 2006). The extended 
fear-DYRLGDQFHPRGHODOVRLQFOXGHVDµGHSUHVVLRQSDWKZD\¶ZKLFKSURSRVHVWKDW
depression before injury and the onset of pain can result in further pain and 
disability with or without the involvement of fear (Pincus et al., 2006). In the 
existing central sensitisation literature, psychological theories have seldom been 
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applied to this pain process. However, George, Wittmer, Fillingim, and Robinson 
(2007) applied the fear-avoidance model to a QST study with low back pain 
patients. As increased depression, anxiety and/or avoidance are thought to lead 
to worsened pain in (all forms of) the fear-avoidance model, it means that the 
model could account for central sensitisation, as prolonged nociception is thought 
to be involved in the development of this central pain process (Courtney et al., 
2010). Therefore, applications of the fear-avoidance model to central 
sensitisation are likely to frame depression and anxiety as having causative 
status.  
 
Linked to the depression pathway within the Pincus et al. (2006) updated fear-
avoidance model, in a discussion regarding a cognitive-behavioural diathesis-
stress framework regarding the link between depression and chronic pain, Banks 
and Kerns (1996) present three potential relationships between depression and 
chronic pain: 1. Depression may precede chronic pain; 2. The two difficulties may 
begin simultaneously; or 3. Depression begins as a reaction to experiencing pain. 
Banks and Kerns (1996) then go on to introduce a diathesis-stress model, which 
they propose explains each of these three scenarios. In their diathesis-stress 
framework, a proportion of individuals are thought to have a vulnerability to 
depressive mood (be that at a behavioural, cognitive or biological level). The 
authors suggest that pain then acts as a stressor, and for those patients with a 
vulnerability to depression, pain can either trigger low mood and avoidance 
behaviour or exacerbate existing depressive symptomatology (Banks & Kerns, 
1996). Although this framework does not explicitly apply itself to central 
sensitisation, it could account for the role of depression in central sensitisation for 
the group of patients who are depressed prior to the onset of pain. The authors 
suggest that depression can lead individuals to pay more attention to bodily 
sensations and that this can lead to increased sensitivity to pain thresholds and 
tolerance (Banks & Kerns, 1996) (which are now thought to be constructs linked 
to central sensitisation; Courtney et al., 2010, and could lead to a chronic pain 
state). Therefore, similarly to the fear-avoidance model, the diathesis-stress 
model suggests that depression can cause the development of central 
sensitisation, via a vulnerability to engage in hypervigilant behaviour and 
experience unhelpful cognitions (Banks & Kerns, 1996). 
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Another key model in terms of understanding the pain-depression relationship is 
enmeshment theory (Pincus & Morley, 2001), which is more cognitively-focussed 
than the fear-avoidance or diathesis-stress models. Enmeshment theory 
VXJJHVWV WKDW IRU VRPH LQGLYLGXDOV SDLQDQG LOOQHVVEHOLHIV DUH µHQPHVKHG¶ RU
attached to their beliefs regarding their self-identity, both in terms of who they are 
now and who they could be in the future (Morley, Davies, & Barton, 2005; 
Sutherland & Morley, 2008). The model proposes that when all three types of 
cognition (i.e. beliefs regarding pain, illness, and self-identity) are enmeshed, this 
can lead to greater depression and disability (Pincus & Morley, 2001). 
Enmeshment theory suggests that depression can occur before or following the 
onset of pain, and it also draws on some of the vulnerability ideas from diathesis-
stress frameworks, in terms of some individuals having a vulnerability to 
experience low mood in response to pain, although this vulnerability is described 
as much more linked to cognitive biases in the enmeshment model (Pincus & 
Morley, 2001). Although the model focusses on the role of depression in chronic 
pain, it does propose that anxiety may be involved if the individual is fearful of 
their perceived future-self (Sutherland & Morley, 2008). Enmeshment theory does 
not appear to easily apply to central sensitisation, although it could be that if 
enmeshment of beliefs regarding pain, illness, and the self lead to greater 
depression and disability (including increased pain; Pincus & Morley, 2001), then 
this increased pain could develop to central sensitisation (Courtney et al., 2010). 
Therefore, again, this psychological theory could be interpreted to suggest that 
depression is involved in the cause and development of central processes in 
chronic pain.  
 
The final psychological model of the mood-pain relationship that it is important to 
introduce is the pain acceptance model (McCracken, 1998), an acceptance and 
commitment theory (Hayes, Luoma, Bond, Masuda, & Lillis, 2006). This theory 
suggests that if an individual does not accept their experience of pain and tries to 
avoid it, they will miss out on valuable and meaningful life experiences, have a 
greater risk of experiencing anxiety and depression, and generally have a lower 
level of overall functioning (McCracken, 1998; McCracken & Eccleston, 2003). 
The role of chronic pain acceptance could be involved in the development of 
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central sensitisation (and its relationship to depression and anxiety) in a similar 
manner as discussed for the other psychological models above. Specifically, 
patients with low levels of pain acceptance are more likely to engage in 
behavioural avoidance of pain (e.g. disengagement from physical activities), 
which, as well as having a negative effect on mood, is likely to lead to decreased 
use of the damaged body site (e.g. the knee in knee OA) and increased pain 
(McCracken & Eccleston, 2003). So, as discussed previously, this increased 
nociception could then cause central sensitisation mechanisms to develop 
(Courtney et al., 2010). However, acceptance could also provide a hypothesis of 
central sensitisation leading to depression and anxiety. If an individual is highly 
accepting of experiencing pain and has high pain sensitivity, then it would make 
sense that increased experience of pain (at a central level) would trigger less 
distress (depression and anxiety) than for someone with low pain acceptance and 
high central sensitisation. Therefore, the acceptance model could provide an 
understanding of a reciprocal relationship between depression/anxiety and 
central sensitisation. 
 
This background has presented details of the limited existing literature regarding 
the role of depression and anxiety in central sensitisation in knee OA. The 
literature review highlights that although, in principle, psychological models could 
explain the suggested relationship between mood and central sensitisation in 
knee OA, there is minimal research to enable meaningful inclusion of central 
sensitisation within existing psychological theories regarding the pain-mood link. 
Therefore, this thesis research aimed to investigate the relationships between 
QST data (as a potential measure of central sensitisation), reported pain, 
depression, and anxiety for people with knee OA.   
 
This is an important area of Clinical Psychology for several reasons. Firstly, the 
British Psychological Society (2008) has highlighted the importance of Clinical 
Psychologists working clinically with people with chronic pain conditions (such as 
NQHH2$LQWHUPVRISURYLGLQJDSV\FKRORJLFDODVSHFWWRWKHWHDP¶VDVVHVVPHQW
and intervention for each patient. Therefore, with regards to research into 
assessment methods of pain in knee OA, it appears important that Clinical 
Psychological theory and understanding is involved so that the evidence base is 
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not purely medical and that findings regarding mood, for example, are interpreted 
from a psychological perspective. This is particularly important given the 
suggestion by Phillips and Clauw (2011) that QST could be used to identify a 
subgroup of patients who may benefit from additional non-medical interventions, 
such as psychological therapy. If this is the direction of travel for QST in painful 
disorders such as knee OA, then it is crucial that psychologists are involved in 
QST research from the early stages to provide a psychological understanding to 
how QST is used and to what factors QST data are associated with. Secondly, 
despite the political drive for Clinical Psychology provision for chronic pain 
patients within multidisciplinary teams, Clinical Psychologists appear to only be 
involved in a small proportion of the knee OA research base. This means that, 
without more psychologically-informed research, the evidence base regarding 
clinical assessment and intervention of knee OA is likely to remain extremely 
medical and to not reflect many of the clinical services being provided to people 
with the condition.  
 
This main aim of the thesis research was addressed via three studies, and 
background information specifically-related to each of these sub-studies is 
provided below.  
 
1.1. Study 1: An Investigation into the Associations Between PPTs and Self-
Reported Pain, Depression, Anxiety, and Demographic Factors in Knee OA 
 
There are different types of QST which induce pain using different stimuli (e.g. 
pressure, heat, cold, electrical, chemical; Suokas et al., 2012), although pressure 
QST has been found to have the best test-retest reliability for people with knee 
OA (Wylde, Palmer, Learmonth, & Dieppe, 2011). As pressure QST is easier and 
less invasive to administer than some forms of QST (such as chemical QST), it 
is frequently used in knee OA pain research (e.g. Finan, Buenaver, et al., 2013; 
Hochman et al., 2013). QST can also be used to measure different constructs 
including pain thresholds (the minimum amount of stimulus required to induce 
pain), pain tolerance (how much pain stimuli the person can endure), and pain 
wind-up effects (multiple ratings of pain in response to repeated application of 
painful stimuli) (Rolke et al., 2006). 
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There are two main QST algorithms: the method of limits and the method of levels 
(Hansson, Backonja, & Bouhassira, 2007). The method of limits involves the level 
of a stimulus steadily increasing or decreasing until the perceived sensation 
changes (at which point they alert the person administering the QST who ends 
the procedure) (Hansson et al., 2007). The method of levels, however, involves 
the application of a predefined level of stimulus and requires the person to 
indicate whether they can perceive the stimulus or whether it is painful 
(depending on the focus of the QST) (Hansson et al., 2007). According to 
Hansson and colleagues, the method of limits form of QST is used more 
frequently due to the time-consuming nature of the method of levels.  
 
As well as the research which suggests a relationship between 
depression/anxiety and QST data in knee OA (Finan, Buenaver, et al., 2013), 
significant associations have also been found between QST values and self-
reported pain. For example, Arendt-Nielsen et al. (2010) found a significant 
correlation (r = -.24) between self-reported pain (as measured on a VAS 
unidimensional tool) and PPT in a knee OA sample. This finding suggests that 
lower PPTs (i.e. more pain sensitisation) are associated with higher levels of 
subjective pain. The finding of a small correlation suggests that QST and 
subjective pain ratings do not measure identical constructs, which could provide 
evidence for the suggestion in the literature that QST measures central 
sensitisation (Courtney et al., 2010) and self-report measures often measure pain 
intensity without the ability to identify the underlying mechanism for this (Jensen 
& Karoly, 2001).  
 
The link between demographic characteristics and both self-reported pain and 
QST-assessed sensitisation has also been researched fairly extensively 
(Fillingim, 2005). The main demographic factor in the pain literature is gender, 
with women being frequently found to report higher levels of pain than men on 
self-report scales (e.g. Fillingim, 2000). Similarly, women have been found to 
demonstrate lower pain sensitivity than men in QST studies (Chesterton, Barlas, 
Foster, Baxter, & Wright, 2003; Racine et al., 2012; Riley III, Robinson, Wise, 
Myers, & Fillingim, 1998), although this finding has not always been replicated in 
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knee OA samples (e.g. France et al., 2004, who found similar levels of pain 
thresholds in male and female knee OA patients). Differences in self-reported 
pain and QST-assessed pain sensitivity have also been found between different 
ethnic groups, and different age groups (with higher pain/sensitivity in older 
compared to younger individuals) (Fillingim, 2005).   
 
 Aim.  
 
Based on this literature review, Study 1 aimed to investigate the amount of 
variation in PPTs accounted for by the key factors from the knee OA literature 
base: self-reported pain; depression; anxiety; and gender. The inclusion of other 
demographic factors (e.g. age) was considered, but gender is the key 
demographic factor from the literature and, given that the majority of knee OA 
begins during older adulthood, a sample of knee OA patients is unlikely to include 
much variation in terms of age.  
 
1.2. Study 2: An Investigation into the Inter-Rater Reliability of Pressure 
Algometry QST 
 
The inter-rater reliability of QST is important to consider for several reasons. The 
QST procedure is fairly time-intensive, and therefore, for pragmatic reasons 
within research studies, it is likely that multiple people will often have to be 
LQYROYHGLQXQGHUWDNLQJWKH467$OWKRXJK467KDVEHHQUHIHUUHGWRDVµVHPL-
REMHFWLYH¶(May & Serpell, 2009), it is dependent on the application technique of 
the tester and on the ability of the participant to provide a consistent response 
regarding their PPT level (Chesterton, Sim, Wright, & Foster, 2007). This means 
that variability in PPT data could be due to either or both of the following reasons: 
1. Inconsistency in the application of the QST by the tester (observer error); or 2. 
Unreliable responses by the participant (participant error) (Chesterton et al., 
2007). As observer error could vary amongst testers, it is important that inter-
rater reliability is investigated for QST studies with multiple testers.  
 
For QST using PPT algometry, previous research has identified the rate of 
applied pressure as the main potential source of measurement error (difference 
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EHWZHHQ WKH 337 GDWD FROOHFWHG DQG WKH µWUXH YDOXH¶ (Nussbaum & Downes, 
1998). This means that if the tester is unable to apply a constant increasing rate 
of pressure during the testing, this could introduce error into the data and the 
validity of the measure could be affected. The angle at which the QST is applied 
has also been highlighted as an important factor which could impact on both 
measurement error and the ability of the participant to consistently report the PPT 
level (Greenspan & McGillis, 1994). 
 
The inter-rater reliability of QST also has implications for how useful the 
procedure could be in clinical settings. It has been suggested that QST could be 
used in clinical practice as an assessment tool or outcome measure (Fillingim, 
2005; 3DYODNRYLü	3HW]NH. It is therefore of paramount importance that 
the tool is reliable and consistent when administered by different personnel. For 
instance, if the methodology is prone to poor inter-rater reliability, it could be that 
patient scores could not be compared to those of other patients tested by different 
personnel, or that change over time for an individual patient could only be reliably 
monitored if the QST measurements were collected by the same person over 
time.  
 
Previous studies have investigated the inter-rater reliability of QST measuring 
PPTS, such as Chesterton et al. (2007), who found good inter-rater reliability. 
However, this study used fixed-angle pressure algometry, and so it is possible 
that more variation could have been present in the QST methodology of this 
thesis research as the angle was dependent on the person applying the tool.   
 
Aim. 
 
Therefore, the aim of Study 2 was to establish whether there was an acceptable 
level of inter-rater reliability between the two testers who administered the QST 
in this thesis research. The reason for conducting this sub-study was to provide 
further information of the assessment tools used in the main study (Study 1) to 
inform the interpretation of the study findings.  
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1.3. Study 3:  Rasch Analysis of the STAI-SF 
 
The STAI-SF (Marteau & Bekker, 1992) is a six-item measure of anxiety. It 
requires the respondent to indicate the extent to which each item (e.g. I feel calm) 
describes them on a four-SRLQW/LNHUWVFDOHZKHUHUHIHUVWRµQRWDWDOO¶UHIHUV
WRµVRPHZKDW¶UHIHUVWRµPRGHUDWHO\¶DQGUHIHUVWRµYHU\PXFK¶7KHSRVVLEOH
total STAI-SF score ranges from 4 to 24, with higher scores indicating higher 
levels of anxiety. The STAI-SF was developed from the full-length 40-item STAI 
(form Y) measure, which is composed of 20 items measuring state anxiety and 
20 items measuring trait anxiety (Spielberger, Gorsuch, Lushene, Vagg, & 
Jacobs, 1983). State anxiety is defined as a fear or worry induced by a situation 
perceived as threatening in some way, which is transient in nature, whereas trait 
anxiety is thought to be a more stable level of fear or worry that occurs across a 
range of non-threatening everyday situations (McDowell, 2006; Spielberger & 
Sydeman, 1994).  
 
The STAI-6)LQFOXGHVKDOIRIWKHµVWDWHDQ[LHW\¶ LWHPVIURPWKHIXOO-length STAI 
IRUP < DQG QRQH RI WKH µWUDLW DQ[LHW\¶ PHDVXUHV (Marteau & Bekker, 1992). 
Previous pain research has also excluded trait anxiety items of the STAI (e.g. 
Berman, Iris, Bode, & Drengenberg, 2009; Robinson, Bialosky, Bishop, Price, & 
George, 2010), based on the argument that state anxiety is a more relevant 
construct that trait anxiety in such studies (Robinson et al., 2010). Another six-
item version of the STAI was developed by Chlan, Savik, and Weinert (2003), 
ZKLFK KDV RQO\ RQH LWHP LQ FRPPRQZLWK 0DUWHDXDQG%HNNHU¶V YHUVLRQ ,Q D
comparison of both six-item versions of the STAI, Tluczek, Henriques, and Brown 
(2009) observed that the Marteau and Bekker STAI version is more focussed on 
cognitive and anticipatory aspects of anxiety than the Chlan et al. version, which 
focusses more on the somatic experience of anxiety. Therefore, it appears that 
the Marteau and Bekker (1992) STAI-SF is more appropriate for use with knee 
OA patients than the Chlan et al. version for several reasons. Anxiety-related 
cognitive factors have been found to be important in the experience of chronic 
pain, such as that usually experienced in knee OA, including fear-avoidance 
beliefs (Waddell, Newton, Henderson, Somerville, & Main, 1993) and pain 
catastrophising LH H[DJJHUDWHG EHOLHIV UHJDUGLQJ WKH LQGLYLGXDO¶V SDLQ
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experience and their ability to cope with this both currently and in the future; 
Keefe, Brown, Wallston, & Caldwell, 1989).  
 
Linked to these cognitive factors, a qualitative study conducted by Pouli, das Nair, 
Lincoln, and Walsh (2014) with people with knee OA found that fear regarding 
the future (a form of anticipatory anxiety) was an important aspect of the 
experience of living with the condition. Anxiety-related cognitive features are also 
central to the fear-avoidance model of chronic pain (Lethem et al., 1983; see 
earlier in the Extended Background). Based on these reasons, the Marteau and 
Bekker (1992) STAI-SF appears an appropriate measure to assess anxiety in 
people with knee OA, and, arguably, more appropriate than the Chlan et al. 
(2003) version.  
 
The STAI, in its numerous forms, is highly used in both research and clinical 
practice, and McDowell (2006) GHVFULEHG LW DV ³RQH RI WKH EHVW PHDVXUHV RI
DQ[LHW\ DYDLODEOH´ S 9HUVLRQV RI WKH 67$, KDYH EHHQ XVHG LQ VWXGLHV
investigating the correlational relationships between pain and psychological 
factors both in knee OA patients (e.g. Finan, Buenaver, et al., 2013; Study 1 of 
this thesis) and in patients with other musculoskeletal conditions (e.g. Valencia, 
Fillingim, & George, 2011). Versions of the STAI have also been used in research 
which aimed to identify subgroups of knee OA patients (such as those with high 
reported pain levels but low radiological knee damage) in order to develop an 
understanding of the assessment and treatment needs of the patients in these 
subgroups in clinical practice (e.g. Finan, Buenaver, et al., 2013; Williams et al., 
2004). Therefore, due to the use of the STAI-SF in correlational and subgroup 
research with knee OA patients, it is important to ascertain the psychometric utility 
of the STAI-SF with this client group in order to critically evaluate the findings of 
such research. If the STAI-SF was not found to be an appropriate measure of 
anxiety for people with knee OA, then it could lead to difficulties in drawing 
conclusions about the relationships between anxiety and other factors in research 
using the STAI-SF.  
 
The STAI-SF is also often used to evaluate treatments in knee OA, including 
psychological interventions, in order to investigate whether the intervention 
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UHVXOWHGLQDQ\VLJQLILFDQWFKDQJHLQSDUWLFLSDQWV¶DQ[LHW\OHYHOV(e.g. Berman et 
al., 2009). Increasing attention is being paid to the utility of psychological 
interventions with chronic pain patients, including those with knee OA (e.g. 
Wetherell et al., 2011). A common aim of these psychological interventions is to 
UHGXFHSDWLHQWV¶DQ[LHW\OHYHOV(Roditi & Robinson, 2011), which is important as 
it has been suggested that high levels of anxiety may lead to increased 
maladaptive reactions (such as avoidance) to the physical symptoms of OA and 
to worsening of OA pathology (McWilliams, Goodwin, & Cox, 2004). As with the 
use of the STAI-SF in correlational and subgroup research, it is crucial to 
investigate the psychometric properties of the measure so that the STAI-SF 
results regarding the efficacy of psychological interventions can be interpreted 
alongside an understanding of its psychometric utility with knee OA patients. 
 
The psychometric properties of the STAI-SF have been investigated in a wide 
range of populations (Marteau & Bekker, 1992; Tluczek et al., 2009), including 
chronic pain samples (Berman et al., 2009). These studies found the STAI-SF to 
KDYH DFFHSWDEOH   WR JRRG LQWHUQDO FRQVLVWHQF\   (Kline, 1999), with 
&URQEDFK¶VĮ values ranging from .79 to .85. Construct validity of the STAI-SF 
has also been shown (Court, Greenland, & Margrain, 2010; Marteau & Bekker, 
1992; Tluczek et al., 2009). Although test-retest reliability is often reported for 
questionnaire measures, it is arguably not an important characteristic for the 
STAI-SF to demonstrate due to the transient and situation-specific nature of state 
anxiety (Marteau & Bekker, 1992).  
 
Rasch model and analysis. 
 
The STAI-SF, like many questionnaire measures, was developed using the 
standards of reliability and validity (Marteau & Bekker, 1992). These standards 
are based on Classical Test Theory, which, although useful, is now being 
complemented by more modern psychometric models, such as the Rasch model 
(Pallant & Tennant, 2007). The Rasch model (Rasch, 1960) proposes that the 
probability of a particular person responding highly to a questionnaire item is a 
function of the distance between the individual respondent¶VµDELOLW\OHYHO¶LHKRZ
PXFKRIWKHFRQVWUXFWEHLQJPHDVXUHGWKH\KDYHDQGWKHµGLIILFXOW\OHYHO¶RIWKH
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questionnaire item (i.e. whether a high score on the item indicates a high level of 
the construct being measured). In the case of a questionnaire measuring anxiety 
(such as the STAI-SF), the Rasch model would propose that the probability of an 
individual responding highly to one of the items would depend on both the 
SHUVRQ¶V OHYHO RI DQ[LHW\ DQG WKH OHYHO RI DQ[LHW\ FRPPXQLFDWHG E\ WKH
questionnaire item (Pallant & Tennant, 2007).  
 
Another aspect of the Rasch model is that the questionnaire should work in the 
same regardless of what subgroup the participant belongs to (Tennant & 
Conaghan, 2007). This means that males and females, or people of different (pre-
determined) age groups should have the same probability of responding highly 
to each questionnaire item, if they have the same level of the construct (e.g. 
anxiety) (Pallant & Tennant, 2007). If items of a measure work in different ways 
for different subgroups of a sample (e.g. based on gender or age), then the 
questionnaire is said to show differential item functioning (DIF; Tennant & 
Conaghan, 2007). 
 
Rasch analysis is based on the Rasch model, and is thought to offer additional 
information regarding the psychometric properties of an ordinal or interval level 
scale (Tennant & Conaghan, 2007). Rasch analysis enables researchers to 
LQYHVWLJDWHWKHH[WHQWWRZKLFKDVDPSOH¶VUHVSRQVHVWRDTXHVWionnaire measure 
fit the Rasch model (Pallant & Tennant, 2007). Rasch analysis also assesses 
whether the scale (e.g. the STAI-SF) is unidimensional (Tennant & Pallant, 2006), 
which is a characteristic linked to construct validity (Tennant & Conaghan, 2007). 
A questionnaire is said to be unidimensional if it measures only one construct 
(such as state anxiety), as the STAI-SF claims to be (Marteau & Bekker, 1992). 
If there is fit to the Rasch model, Rasch analysis allows ordinal questionnaire data 
(as in the case of STAIF-SF data) to be transformed to interval level data, which 
means that change scores could be calculated (Tennant & Conaghan, 2007). 
This clearly has benefits for using the measure in longitudinal or intervention 
research.  
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Rasch analysis and the STAI-SF. 
 
The STAI-SF has not previously been evaluated using Rasch analysis for a knee 
OA sample, although a literature search found one study which Rasch analysed 
the STAI-SF for a sample of patients who attended a primary care General 
Practice in the United Kingdom (Court et al., 2010). However, as different groups 
of people may respond differently to questionnaire measures, it is important that 
psychometric analyses are conducted for specific groups.  
 
Indeed the Court et al. Rasch analysis study may not apply to the use of the STAI-
SF with knee OA patients. Firstly, participants were recruited from patients 
attending a general practice who were aged 16 or over, and the mean age of the 
sample used for the Rasch analysis was 44.4 years. The mean age of this sample 
is therefore younger than the most common minimum age of diagnosis of knee 
OA (45 years; Peat et al., 2001). This means that the average age of the Court 
sample is likely to be around the youngest age in a knee OA sample. Secondly, 
the Court VWXG\XVHGDJHVXEJURXSVRIDQGWRLQYHVWLJDWHDQ\UHVSRQVH
differences between these age groups. However, the majority of knee OA 
SDWLHQWVZRXOGIDOOLQWRWKHDJHJURXSDQGVRLWLVQRWSRVVLEOHWRJHQHUDOLVH
&RXUW¶VILQGLQJVRIQRLWHP',) for age group on the STAI-SF to the responses 
between age subgroups in knee OA samples. Thirdly, in the Court study 20% of 
the participants were attending the health service for an emergency appointment, 
which is unlikely to apply to most interactions a knee OA patient would have with 
their GP regarding their condition. Fourthly, the authors of the Court et al. (2010) 
paper conclude that their Rasch analysis of the STAI-SF suggests that the 
questionnaire is a valid measure of anxiety in primary care general medical 
practice. Although a proportion of knee OA patients are managed in primary care, 
a significant proportion are managed in secondary care services, such as those 
DZDLWLQJWRWDONQHHUHSODFHPHQWVXUJHU\)LQDOO\&RXUW¶V5DVFKDQDO\VLVXVHGWKH
rating scale model version, and so the findings may not apply to STAI-SF data 
from samples which do not meet the requirements for this version and which 
instead require the use of the partial credit model version of Rasch analysis. 
Therefore, based on these differences, it would not be advisable to rely solely on 
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the information provided by Court and colleagues when considering the 
psychometric utility of the STAI-SF with knee OA patients.  
 
Although a larger number of studies have used Rasch analysis to evaluate 
different full-length versions of the STAI (e.g. Davey, Harley, & Elliott, 2013; 
Kaipper, Chachamovich, Hidalgo, da Silva Torres, & Caumo, 2010; Tenenbaum, 
Furst, & Weingarten, 1985; Tenenbaum & Furst, 1985), the Rasch analysis of the 
STAI-SF by Court et al. (2010) suggests that the STAI-SF has different Rasch 
properties than other versions of the STAI. This suggests that it may not be 
appropriate to base judgements regarding the psychometric properties of the 
STAI-SF on the Rasch analyses of other STAI versions.  
 
Aim. 
 
Therefore, Study 3 of this thesis aimed to use Rasch analysis to evaluate 
psychometric properties of the STAI-SF in a sample of knee OA patients. The 
main reason for conducting this sub-study was to provide further information of 
the assessment tools used in the main study (sub-study 1) to inform the 
interpretation of the study findings. 
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B. Extended Methods 
 
This extended methods section will include further details of the methodology of 
Study 1, and details of the methodology for Studies 2 and 3.  
 
2.1. Study 1: An Investigation into the Associations between PPTs and Self-
Reported Pain, Depression, Anxiety, and Demographic Factors in Knee OA 
 
Ethical considerations. 
 
See Appendix 2 for my letter of access regarding my involvement in the research 
and for an email from the Trent Comprehensive Local Research Network 
confirming what was needed for me to become involved in the project. See 
Appendix 3 for the ethical approval documentation relevant to study 1 of this 
thesis (please note: aspects of these documents relate to parts of the wider study 
that the current research is situated within and so are not relevant to this thesis. 
However, as ethical approval was granted regarding the full wider project, it is not 
possible to separate out the documents).  
 
The key ethical issue considered as part of this research was harm to 
participants, particularly due to the use of QST. As the QST measured pain 
thresholds rather than tolerance, the algometer was removed as soon as the 
participant indicated that the pressure stimulus had changed to a painful stimulus. 
The pain was short-term and participants were able to end participation at any 
point. These ethical measures are in line with guidance regarding the use of 
painful stimuli in research with humans (International Association for the Study of 
Pain, 2013)ZKLFKVWDWH³VWLPXOLVKRXOGQHYHUH[FHHGDVXEMHFW
VWROHUDQFHOimit 
DQGVXEMHFWVVKRXOGEHDEOHWRHVFDSHRUWHUPLQDWHDSDLQIXOVWLPXOXVDWZLOO´,Q
the current research, pain thresholds and not tolerance were measured, and the 
administration of the painful stimuli was ended immediately once the participant 
indicated that their PPT had been reached or once they indicated that they 
wanted the QST stimuli to end for any other reason. Linked to this ethical 
consideration, informed consent was key. Participants were provided with a 
participant information sheet (see Appendix 4) and verbal explanation of the QST 
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procedure (see Appendix 5), before completing a written consent form (see 
Appendix 6) if they wished to participate in the study.  
 
In terms of the management of harm regarding the questionnaire measures, if a 
participant scored highly on the BDI-II (particularly on the item assessing suicidal 
ideation) or expressed severe depression, distress or suicidality during any part 
RI WKH UHVHDUFK SURFHVV WKH $UWKULWLV 5HVHDUFK 8. 3DLQ &HQWUH¶V 6WDQGDUG
Operating Procedures would have been implemented. However, this procedure 
did not have to be implemented during my involvement with the research.  
 
Sample size. 
 
G*Power 3.1 software (Faul, Erdfelder, Buchner, & Lang, 2009) was used to 
calculate the required sample size in order to conduct multiple regression 
analyses with the PPTs as outcome variables. An effect size of 0.15 was used, 
based on data from a pilot study conducted within the Arthritis Research UK Pain 
Centre. In this pilot study, 19 participants were included and QST pain thresholds 
were collected from four body sites. Multiple regression analysis (with depression, 
anxiety, gender, and age entered2), were undertaken for each body site PPT 
mean. The R2 values in these regression analyses ranged from .24 to .51. Using 
the smallest R2 value of .24 in the effect size (f2) calculation (f2 = R2 / (1- R2)) 
produces an effect size of .32. This is in the medium effect size range (.15 to .34; 
Cohen, 1988). The lower end of this effect size range (.15) was used in the 
sample size calculation for Study 1 in order to be conservative and to err on the 
side of caution.  
 
The model used to calculate the sample size was an a-priori, linear multiple 
regression, fixed, R2 deviation from zero model. The following model parameters 
were used to calculate the ideal sample size: effect size (f2) = .15; power = 80%; 
Į ; four predictors in each multiple regression model (pain NRS, depression, 
anxiety, gender)). This sample size calculation showed that 85 participants were 
                                                             
2 Although age was not entered (and pain NRS was entered) in the multiple regression analyses in Study 
1 of this thesis, it was judged that this pilot study provided a reasonable comparison to base the effect 
size on in order to calculate the required sample size.  
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required. Although the final sample size for study 1 (n = 77) was slightly below 
this number, it is PRUHWKDQWKHVDPSOHVL]HVXJJHVWHGE\WKHµUXOHRIWKXPE¶IRU
sample size in multiple regression of 15 participants for each predictor variable 
(Field, 2009)8VLQJWKLV µUXOHRIWKXPE¶WKHPLQLPXPUHTXLUHGVDPSOHVL]HIRU
each multiple regression model in study 1 would have been 60 participants, which 
the actual sample size of 77 knee OA patients clearly surpasses.  
 
Demographic details. 
 
Participants were asked for demographic details as part of the questionnaire 
pack, including age and gender. Only necessary demographic information was 
be collected. These details were recorded in order to assess who the results are 
generalisable and, in the case of gender, to include in the data analysis as a 
predictor variable.  
 
Questionnaires. 
 
This research is part of a wider study (yet to be published) which aims to 
investigate the utility of questionnaires measuring a variety of psychological 
factors in knee OA patients. As the questionnaire pack was fairly lengthy, it was 
presented to participants in one of four orders in order to control for any potential 
order or fatigue effects. Data from the BDI-II (Beck, Steer, & Brown, 1996) and 
STAI-SF (Marteau & Bekker, 1992) measures in the questionnaire pack was used 
for the current study. As not all participants who took part in the wider 
questionnaire study chose to be involved in the QST study, only BDI-II and STAI-
SF data from the participants who undertook the QST was included in Study 1 of 
this thesis.  
 
The STAI-SF has been shown to have adequate psychometric properties in past 
studies and has been used in knee OA research (see section 1.3 for details of 
this). Similarly, the BDI-II has also been used in previous knee OA research (e.g. 
Williams et al., 2004). +DUULV DQG'¶(RQ  investigated the psychometric 
properties of the BDI-II with chronic pain patients and found excellent internal 
FRQVLVWHQF\(Kline, 1999). Despite some criticism within the pain literature 
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that the somatic items of the BDI-II overlap too much with the pain experience, 
based on their psychometric analysis, +DUULVDQG'¶(RQ suggest that it is 
appropriate to retain the somatic items and to use the full BDI-II measure with 
chronic pain samples. Therefore, both the STAI-SF and the BDI-II were 
considered appropriate measures of anxiety and depression, respectively, in the 
current study. 
 
As part of study 3 in this thesis, the STAI-SF data was Rasch analysed, but 
transformed STAI-SF scores were not used in the analysis of study 1. This was 
because Rasch-transformed scores were not available for the BDI-II (as this was 
outside the scope of the research included in this thesis) and it was not 
considered good practice to include a mix of raw and Rasch-transformed scores 
in the analysis. Furthermore, as the BDI-II data was at ordinal level, having 
interval-level STAI-SF data (i.e. the Rasch-transformed scores) would still not 
allow parametric analyses to be used as the BDI-II data would still necessitate 
non-parametric correlation analyses. Despite the Rasch-transformed STAI-SF 
data not being used in the analysis of study 1, the findings of the Rasch analysis 
were used to critically consider the results regarding the STAI-SF in study 1.  
 
Participants who returned the questionnaire pack with missing data were 
contacted, where possible, by a researcher to recollect the data. However, 
recollected BDI-II and STAI-SF data were not included in the current research 
due to concerns that it could invalidate the remit of the questionnaires to measure 
recent levels of depression and anxiety, respectively. The BDI-II requires 
participants to complete the measure based on how they have felt in the previous 
two weeks. The STAI-SF requires participants to complete the questionnaire 
based on how they feel at the specific moment. Therefore, any missing data 
collected at a later date would correspond to a different time-point than the rest 
of the data for that questionnaire.  
 
Pain NRS. 
 
Although there are criticisms that pain intensity NRS measures do not measure 
different components of pain (such as affective aspects of pain) (Jensen & Karoly, 
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2001), a 0 to 10 point pain NRS was used in this study as the tool is used in a 
wide range of pain and musculoskeletal research (Huber et al., 2007), and it is 
very quick to complete (Jensen & Karoly, 2001), which was important in order to 
reduce the time burden on the participants during the QST session.  
 
Pain pressure thresholds. 
 
PPTs were measured using pain-pressure algometry QST (using the method of 
limits) at knee sites (medial and lateral knee joint-line), a distal body site (medial 
tibia mid-shaft), and a remote body site (sternum). This form of QST has been 
found to have the best test-retest reliability for people with knee OA (Wylde et al., 
2011). Furthermore, the inter-rater reliability of the two individuals administering 
the QST in this study was investigated as part of this thesis research (see 
sections 1.2, 2.2, and 3.2 of this Extended Paper).  
 
Recruitment and process.  
 
See Appendix 7 for the protocol for the wider study that this study is part of. 
3RWHQWLDOSDUWLFLSDQWVZHUHLGHQWLILHGE\GHVLJQDWHGµJDWHNHHSHU¶SURIHVVLRQDOVLQ
each trust involved in the research. These participants were then sent an 
invitation letter signed by the healthcare professional responsible for their care. 
Along with this invitation letter, prospective participants were sent a participant 
information sheet (see Appendix 4), a consent form (see Appendix 6), and the 
questionnaire pack (which included the BDI-II and STAI-SF measures). A pre-
paid envelope was included for participants to return the completed consent form 
and questionnaire pack if they decided to take part in the study.  
 
On the consent form, participants were asked to indicate whether they wished to 
participate in the QST part of the study after completing the questionnaires. 
Those who indicated that they were interested in taking part in the QST aspect of 
the study were then contacted by telephone by a researcher to answer any 
questions the participant had and to arrange a mutually-convenient time for the 
QST session if they still wished to participate. The QST session took place in a 
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University of Nottingham clinical research room, and participants were 
reimbursed for travel expenses.  
 
When participants arrived at the research department, they were met by a 
researcher and shown to the clinical assessment room to undertake the QST. 
Further information regarding the QST study was provided by the researcher. At 
the start of this data collection session, the researcher asked participants to rate 
the pain intensity at their most painful knee over the previous week on a 0-10 pain 
1567KHUHVHDUFKHUZURWHGRZQWKHSDUWLFLSDQW¶VSDLQ156UDWLQJDQGWhen the 
QST procedure was carried out by the researcher as described previously in this 
thesis. PPTs were recorded on a paper record form by the researcher.  
 
Duration of participant involvement. 
 
The questionnaire pack was thought to take approximately one hour to complete 
(as the pack include numerous questionnaires, many of which related to the wider 
study and were not part of this thesis research). As participants completed the 
questionnaire pack in their own home, they could respond to the measures at 
their own pace. The QST testing session also lasted for approximately one hour.  
 
To participants, the sequence of events in Study 1 were as follows: 
 
Phase 1 The participant was approached by a healthcare professional 
involved in their care and provided with details of the research.  
 
Phase 2 If the participant chose to take part, they completed the consent 
form and questionnaire pack and returned this to the research team. 
If the participant indicated that they did not consent to take part in 
the QST part of the study then their involvement in the research 
ended. 
 
Phase 3 If the participant consented to take part in the QST part of the study, 
they were contacted by a researcher to arrange a convenient time 
to attend the QST session. At this session, the participant was 
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asked questions about their pain (i.e. the pain NRS) and they then 
WRRNSDUWLQWKH467$WWKLVSRLQWWKHSDUWLFLSDQW¶VLQYROYHPHQWLQ
this thesis research then ended, although there is the possibility that 
they may be contacted regarding further aspects of the wider study 
if they consented to this.  
 
2.2. Study 2: An Investigation into the Inter-Rater Reliability of Pressure 
Algometry QST 
 
Ethical considerations. 
 
This study received favourable ethical approval from Nottingham Research 
Ethics Committee one (see Appendix 8 for confirmation of ethical approval). As 
this sub-study used the same QST methodology as Study 1 of this thesis, the 
same consideration of ethical issues apply to this study as were discussed in 
section 2.1.  
 
Participants. 
 
For this sub-study, sample size was calculated based on a similar previous QST 
inter-rater reliability research (Chesterton et al., 2007). As intra-class correlation 
coefficients (ICCs) were the planned analysis, the sample size was calculated for 
this (based on Walter, Eliasziw, & Donner, 1998), and was designed to test for 
an ICC of .9 with a null value of .7 (based on Chesterton et al., 2007). For the 
sample size calculation, the following model parameters were used: n = 2 (i.e. 
WZRUHVHDUFKHUVDGPLQLVWHULQJWKH467SRZHU Į )URPWKLVLWZDV
calculated that 19 participants would be needed, and therefore the sample of 20 
participants for sub-study 2 was of adequate size.   
 
Twenty participants were recruited opportunistically by advertising the study to 
students and staff at the University of Nottingham. Those who indicated an 
interest in participating were given a participant information sheet and invited to 
take part in the study. Recruitment ended after twenty participants were 
consented into the study. Participants were eligible to take part if they were able 
90 
 
to take part in the QST procedure, if they did not have any significant medical or 
psychiatric conditions that could adversely affect the results, and if they were 
capable of providing informed consent. Participants screened themselves for 
study eligibility. 
 
Healthy control participants were used for Study 2 as this study was concerned 
with the inter-rater reliability of two researchers who collected the PPT data by 
conducting QST. Therefore, it is not problematic that healthy controls were tested 
in this study (and not knee OA participants as in Study 1), as the QST data 
collected in Study 2 was not of specific interest itself, as the focus was on the 
comparability of PPTs measured by both testers. The aim of Study 2 was to 
investigate the inter-rater reliability of data collected via the QST methodology 
used in Study 1, and the same researchers administered the QST in both studies. 
Furthermore, although difference in PPTs between individuals have been found 
for factors such as gender (e.g. Riley III et al., 1998) and physical health status 
(Wylde et al., 2011), such characteristics have not been found to impact on the 
UHOLDELOLW\ RI LQGLYLGXDO SDUWLFLSDQWV¶ UHVSRQVHV LQ SUHYLRXV 467 OLWHUDWXUH
(Chesterton et al., 2007).  
 
Procedure. 
 
See Appendix 9 for the protocol for Study 2. When potential participants indicated 
they were interested in taking part in this study, they were sent a participant 
information sheet (see Appendix 10). The study was undertaken in a University 
of Nottingham clinical research room, and the procedure lasted for approximately 
60 minutes per participant. One of two researchers explained the procedure by 
verbally reiterating the details included in the participant information sheet. Once 
the researcher had confirmed that the individual was eligible to take part and that 
they understood the details of the study, the participant provided written consent 
by signing a consent form (see Appendix 11).  
 
Before starting the QST procedure, participants were asked by a researcher to 
provide demographic details (gender, age). This information was collected in 
order for the findings to be placed in the context of the participant sample 
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characteristics. QST was then undertaken which measured PPTs on the following 
body sites: nailbed (as a learning site for the participant to understand the 
procedure), medial knee joint line, lateral knee joint line, medial tibia mid shaft. 
The same QST procedure was used as in Study One: see section 2.1 for details. 
QST was undertaken for each participant by two researchers trained in the 
procedure (the same personnel as in Study One). One researcher conducted the 
QST procedure, and then the other researcher repeated this testing. There was 
a five minute break between the first and second QST procedures in an attempt 
to prevent against any potential pain sensitivity wind-up effects.  
 
To control for any order effects (including any potential impact of repeating the 
QST procedure), the order of the testers was counterbalanced, using the method 
RI µFRPSOHWH FRXQWHUEDODQFLQJ¶ ,Q SUDFWLFH WKLV PHDQW WKDW RQH UHVHDUFKHU
conducted the first QST set for half of the participant sample, and the other 
researcher conducted the first QST set for the other half of the sample. 
Participants were assigned an identification (ID) number when they arranged the 
appointment time for them to take part in the study. The ID numbers were 
assigned in sequentLDOO\ LQFUHDVLQJ RUGHU VR WKH ILUVW SDUWLFLSDQW ZDV µ¶ WKH
VHFRQGZDVµ¶DQGVRRQ3DUWLFLSDQWVDVVLJQHGZLWKDQRGG,'QXPEHUUHFHLYHG
the QST from Researcher A first and then from Researcher B, whereas those 
with an even ID number received the QST from Researcher B first and then from 
Researcher A. Figure 1 LOOXVWUDWHV WKH SDUWLFLSDQWV¶ MRXUQH\ WKURXJK WKH VWXG\
process.  
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Figure 1. A diagram depicting the study process for Study 2. 
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Data analysis. 
 
The means and standard deviations were calculated for each of the four QST test 
sites (sternum, medial and lateral knee joint-lines, and medial tibia mid-shaft; no 
the nailbed as this was the learning site for the participant, as in Study 1). 
 
The inter-rater reliability for the PPTs at each body site was investigated using 
ICC analysis. Hallgren (2012) recommends ICC analysis for the investigation of 
inter-rater reliability, and this method of analysis has been used in previous QST 
inter-rater reliability research, although not in the majority of these studies 
(Chesterton et al., 2007). Based on guidance by Hallgren (2012), inter-rater 
reliability in this sub-study was assessed using two-way mixed, absolute 
agreement, single measures ICC analysis (McGraw & Wong, 1996). The model 
was two-way as both researchers conducted the QST for each participant. The 
model was set as mixed-effects as the aim of this sub-study was to investigate 
the reliability between two testers rather than to generalise the reliability findings 
to other testers. In the ICC analysis, good inter-rater reliability was characterised 
by absolute agreement (rather than relative consistent agreement). As QST is 
considered within the literature to be an objective measure of pain sensitivity 
(Courtney et al., 2010), absolute agreement in terms of inter-rater reliability was 
therefore a suitable analysis parameter. Finally, a single-measures ICC model 
was used as although all participants in this sub-study were tested by both 
researchers (which would usually suggest the use of an average-measures ICC 
model), the aim of Study 2 was to inform the findings of Study 1, in which 
participants were tested by one of two researchers (and not both as in Study 2) 
(Hallgren, 2012). 
 
95% Confidence Intervals (CIs) were also calculated for each ICC, in order to 
allow comment on the variability of the inter-rater reliability. ICCs fall between 0 
and 1. The classification system proposed by Cicchetti (1994) was used to 
categorise the ICC values for the PPTs at each body site. See Table 11 for details 
of these qualitative labels and their corresponding ICC cut-off values. The 
Cicchetti (1994) classification system is frequently used in inter-rater reliability 
research utilising ICCs as a method of data analysis (Hallgren, 2012), and 
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therefore appears an appropriate method of describing the ICC data in the current 
research.  
 
Table 11. 
Details of the ICC classification system proposed by Cicchetti (1994). 
ICC value 
 
Classification 
Less than .40 
 
µ3RRU¶ 
Between .40 and .59 µ)DLU¶ 
 
Between .60 and .74  µ*RRG¶ 
 
Between .75 and 1.0 µ([FHOOHQW¶ 
 
 
 
2.3. Study 3: Rasch Analysis of the STAI-SF 
 
Ethical considerations. 
 
As this sub-study was part of the same wider research project as Study 1, please 
see section 2.1 regarding the ethical approval and ethical considerations for the 
Rasch analysis sub-study.  
 
Participants. 
 
The sample for this aspect of the research consisted of 246 people with a 
diagnosis of knee OA. The sample size was based on the recommendation for 
Rasch analysis, which suggests data should be analysed from approximately 250 
individuals (Linacre, 1994). These participants were recruited via the same 
recruitment strategy outlined in section 2.1, as the sample for Study 1 were 
recruited from the sample for this study (Study 3).  
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Procedure. 
 
As the recruitment and data collection aspects of this Rasch analysis sub-study 
were identical to those regarding the questionnaire elements of Study 1, these 
will not be repeated here. The questionnaire pack posted to participants included 
the STAI-SF (Marteau & Bekker, 1992) and a pain intensity NRS. Participants 
who returned the questionnaire pack with missing data were contacted, where 
possible, by a researcher to recollect the data (as part of the protocol for the wider 
study). However, recollected STAI-SF data are not included in the current 
research due to concerns that it could invalidate the questionQDLUH¶V UHPLW WR
PHDVXUHµVWDWHDQ[LHW\¶LHFROOHFWLQJGLIIHUHQWLWHPVRIWKH67$,-SF on different 
GD\VFRXOGUHVXOWLQGDWDFROOHFWLRQUHJDUGLQJDQ[LHW\LQWZRGLIIHUHQWµVWDWHV¶ As 
this study focussed on the psychometric properties of the STAI-SF in a knee OA 
sample, data was analysed from all STAI-SF questionnaires completed by 
participants in the wider research project with the Arthritis Research UK Pain 
Centre at the University of Nottingham, regardless of whether they went on to 
take part in the QST procedure. Therefore, some, but not all, of the participants 
included in the sample for this sub-study also constituted the sample for Study 1 
in this thesis.  
 
Data analysis. 
 
Descriptive statistics were calculated regarding the demographics and pain-level 
of the sample.  
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 Rasch analysis.  
 
As part of the data preparation stage prior to the completion of Rasch analysis, 
the internal consistency of the STAI-6)GDWDZDVHYDOXDWHGXVLQJWKH&URQEDFK¶V
alpha statistic. Rasch analysis was carried out using the RUMM2020 software 
(Andrich, Lyne, Sheridan, & Luo, 2003), and the data was checked for accuracy 
once it had been entered into RUMM2020. In line with the requirements for Rasch 
analysis in RUMM2020, the possible responses for each item were changed from 
µRU¶WRµRU¶(Andrich et al., 2003). To decide whether the rating 
scale (Andrich, 1978) or partial credit version (Masters, 1982) of the Rasch model 
should be used, a likelihood ratio test was undertaken. As the likelihood ratio test 
was significant (p<.05), the partial credit Rasch model was used. Each individual 
item of the STAI-SF was investigated for disordered response thresholds (Pallant 
& Tennant, 2007; Tennant & Conaghan, 2007). When disorder thresholds were 
observed for an item, that item was re-scored by collapsing adjacent response 
options (e.g. 0,1,2,3 could be rescored to 0,1,1,2) (Pallant & Tennant, 2007). 
Summary statistics were then inspected for the data including the re-scored item, 
and the rescoring was included in the subsequent Rasch analysis if it resulted in 
an improved fit to the model (Shea, Tennant, & Pallant, 2009).  
 
Summary statistics in RUMM2020 were analysed as a first step in the Rasch 
analysis. Fit residual statistics were calculated for both the items and the persons. 
These fit residuals were transformed to estimate a z-score with normal 
distribution (Pallant & Tennant, 2007). Therefore, if the item or person showed 
good fit with the Rasch model, the transformed mean and SD fit residuals should 
equal 0 and 1 respectively (Pallant & Tennant, 2007). Groups of participants 
FDOOHGµ&ODVV,QWHUYDOV¶ZHUHFUHDWHGWRVHSDUDWHRXWWKHSDUWLFLSDQWVZLWKDORZ
RUKLJKµWUDLWDELOLW\OHYHO¶LHDQ[LHW\OHYHO(Tennant & Conaghan, 2007). These 
Class Intervals should be of equal size for each item, including approximately 50 
cases per item (Psychometric Laboratory for Health Sciences, 2007). An item-
trait interaction Chi-squared analysis was conducted to test whether the 
hierarchical ordering of all of the STAI-SF items was invariant across different 
anxiety levels (i.e. the class intervals) (Moreton, Wheeler, Walsh, & Lincoln, 2012; 
Tennant & Conaghan, 2007). If this statistic was significant (p < .05, with 
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Bonferroni Correction for the number of items), then it can be concluded that the 
ordering of the items varies across the spectrum for the state anxiety trait (Pallant 
& Tennant, 2007).  
 
The Person Separation Index (PSI) was calculated as a measure of internal 
consistency in the STAI-SF data. If the PSI value was 0.7 or above this indicated 
acceptable internal consistency reliability (Fisher, 1992; Shea et al., 2009). An 
acceptable PSI value would also suggests that the Fit Statistics produced were 
reliable without an excessive amount of error.  
 
In the next step of the Rasch analysis, individual items and participants were 
investigated for misfit to the Rasch model. To examine item-fit, Chi-square and 
Analysis of Variance (ANOVA) statistics with a Bonferroni correction were used. 
To investigate the fit for both items and persons, fit residuals were examined, and 
values between -2.5 and 2.5 were considered to demonstrate acceptable fit to 
the Rasch model (Moreton et al., 2012; Pallant & Tennant, 2007). If misfit of items 
and/or persons was found, these would be dealt with by investigating if removal 
of these improved the overall fit of the STAI-SF data to the Rasch model (Moreton 
et al., 2012; Psychometric Laboratory for Health Sciences, 2007). 
 
DIF was investigated using an ANOVA with a Bonferroni Correction for the 
person factors (gender [males and females] and age group [under 65; 65 to 71; 
72 and above])3. If a questionnaire item shows DIF then this suggests that the 
item is performing differently for people who fall into different subgroup 
categories (in this case, gender or age group), even if they have the same level 
of anxiety.  
 
Local dependency (Baghaei, 2007) of the items in the STAI-SF data was tested 
by examining how the residuals of each item correlated with that of the other 
items. If an item is dependentWKLVPHDQVWKDWDQLQGLYLGXDO¶VUHVSRQVHWRLWZRXOG
                                                             
3 Although there is no specified method of defining the age groups used in Rasch analyses, the 
age groups used were selected because they each contain approximately equal participant 
QXPEHUV7KHµXQGHU¶JURXSFRQWDLQHGSDUWLFLSDQWVDQGWKHµWR¶DQGµDQGDERYH¶
groups both contained 84 participants. Furthermore, the age group split made sense in terms of 
the 65 years-old age cut-RIIEHWZHHQµDGXOW¶DQGµROGHUDGXOW¶WKDWLVRIWHQXVHGLQ1+6FRQWH[WV  
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have a direct bearing on their response to another item on the same measure 
(Baghaei, 2007). A positive correlation of above 0.3 between the residuals of two 
items would suggest response dependency between those items (Ramp, Khan, 
Misajon, & Pallant, 2009).  
 
Linked to the concept of local response dependency is unidimensionality (Pallant 
& Tennant, 2007; Tennant & Pallant, 2006). Unidimensionality was tested for via 
the method outlined by Smith (2002). Principal Components Analysis was run on 
the residuals to identify two subgroups of items: a set of three items which loaded 
positively onto the first component and a set of three items which loaded 
negatively. Independent t-tests were then undertaken to look for any differences 
in the estimated scores for both subgroups of items, and if more than 5% of these 
t-tests were significant (at the p = .05 level), then unidimensionality may be 
breached.  If more than 5% of the t-tests were significant, a Binomial Confidence 
Interval would be used to investigate unidimensionality further, and if the lower 
95% Confidence Interval proportion was above 0.05 then the measure would be 
considered non-unidimensionality (i.e. multidimensional) (Shea et al., 2009; 
Tennant & Pallant, 2006). 
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C. Extended Results 
 
This extended results section will provide further details of the results of Study 1 
in terms of the data screening, testing of assumptions, and the Bonferroni-Holm 
correction for multiple testing. The full findings of Studies 2 and 3 will also be 
provided.  
 
3.1. Study 1: An Investigation into the Associations Between PPTs and Self-
Reported Pain, Depression, Anxiety, and Demographic factors in knee OA 
 
Response rate for questionnaire measures. 
 
The response rate for the questionnaire pack (which included the BDI-II and 
STAI-SF) was 19%, which is low but in line with the response rates of other 
studies undertaken within the Arthritis Research UK Pain Centre.  
 
Data screening. 
 
The data for Study 1 were screened using recommendations by Tabachnick and 
Fidell (2013), details of which are provided below.  
 
Inspection of univariate descriptives for accuracy of input. 
 
Firstly, the raw data for all variables were checked for accuracy against the 
original record forms and any errors were rectified. Univariate descriptive 
statistics were also used to analyse the accuracy of the data input. No out-of-
range values were found for any of the variables. For all participants, gender was 
UHFRUGHGDVµPDOH¶RUµIHPDOH¶DJHUDQJHGfrom 43 to 89 years (which is above 
the inclusion age of 18 years), and PPTs were all above zero (there is no upper 
limit for PPTs). See Table 12 for details of the range of values in the collected 
data and the possible ranges for the pain NRS, BDI-II, and STAI-SF totals.  
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Table 12. 
Details of the actual and possible range of values for the BDI-II, STAI-SF and 
pain NRS factors. 
Factor Range of values in 
collected data 
Possible range of data 
BDI-II total 0 ± 40  0 ± 63 
STAI-SF total 6 ± 22  6 ± 24  
Pain NRS 2 ± 10  1 ± 10  
 
 
Means, SDs, medians and inter-quartile ranges were reviewed for the variables, 
and these were assessed as plausible (i.e. no extreme values were found for 
these descriptive statistics). The presence of high SDs for the PPT data was in 
line with the findings of previous PPT QST research (Finan, Buenaver, et al., 
2013) and was therefore not considered problematic.  
 
The data was also screened for univariate outliers as part of inspecting the data 
for accuracy of input. For gender, no univariate outliers were detected as there 
was an approximately even split between the gender categories. For the 
continuous variables (age, pain NRS, BDI-II total, STAI-SF total, and the mean 
PPTs for the sternum, medial knee joint-line, lateral knee joint-line and medial 
tibia mid-shaft), univariate outliers were identified via the inspection of boxplots 
(see Appendix 12). This highlighted the presence of four univariate outliers for 
the mean sternum PPT, one for the mean medial knee joint-line PPT, three for 
the mean medial tibia mid-shaft PPT, and one for the BDI-II total. No univariate 
outliers were detected for age, mean lateral knee joint-line PPT, knee pain NRS, 
or STAI-SF total. Inspection of these univariate outliers confirmed that they were 
true outliers and were not inaccurately inputted into the dataset.  
 
Missing data. 
 
As data were missing for some of the factors, I checked whether this was missing 
at random (MAR). As MAR is not directly testable by statistical procedures 
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(Jaeger, 2006), I examined the data spreadsheet and the questionnaires and 
came to the conclusion that the data did not appear to be MAR (i.e. it appeared 
to be missing not at random, or MNAR). Data was missing for four participants 
for the mean medial knee joint-line PPT and for three participants for the mean 
lateral knee joint-line PPT. For these participants, PPT data was missing because 
LWZDVQRWSRVVLEOHWRUHDFKWKHLQGLYLGXDOV¶337IRUWKHVHERG\VLWHVGXULQJWKH
QST procedure (which suggests that their PPT was higher than for other 
participants at these sites). Data was also missing from 11 participants for the 
BDI-II total and from one participant for the STAI-SF total. For the participants 
with missing data from the BDI-II, eight participants were missing data from one 
questionnaire item only (item 1: one participant; item 4: one participant; item 21: 
six participants), two participants were missing data from two items (items 8 and 
21: one participant; items 10 and 20: one participant), and one participant was 
missing data from 11 items (items 11 to 21). For the participant with a missing 
STAI-SF total score, this was because they did not respond to any items from the 
measure.  
 
As the missing data appeared to be MNAR, I imputed the data using a maximum 
likelihood procedure (as this process can be unbiased with MNAR data despite 
the method assuming the data is MAR) (Schafer & Graham, 2002). In order to 
LQYHVWLJDWHWKHLPSDFWRIWKHLPSXWDWLRQ6SHDUPDQ¶VFRUUHODWLRQVZHUHFDOFXODWHG
between the variables of interest for both the original data and the dataset which 
included the imputed values (as this analysis was planned as part of the first step 
of the multiple regression analyses). Inspection of these correlations showed no 
real differences, and so it appeared that the imputed data reflected statistical 
reality (Tabachnick & Fidell, 2013). Therefore, the subsequent aspects of the 
statistical analysis were conducted on the dataset with imputed values in place 
of the missing data. The STAI-SF missing data were not imputed as all items 
were missing for the one participant with missing STAI-SF data and so it was 
decided that it was more justifiable and meaningful to not impute this data. 
Therefore, all analyses including the STAI-SF total factor included data from 76 
rather than 77 participants. 
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Testing the assumptions of multiple regression. 
 
Linearity and homoscedasticity. 
 
Linearity and homoscedasticity between all the continuous variables (the four 
PPT means; pain NRS; BDI-II total; and STAI-SF total) was assessed by 
examining bivariate scatterplots (see Appendix 13). These plots suggested that 
the relationships between variables were linear, but that many of the relationships 
were not homoscedastic (i.e. heteroscedastic: the variability in one variable 
appeared to not be the same at all values of another variable; Tabachnick & 
Fidell, 2013). 
 
Normality. 
 
Normality was assessed for the continuous predictor variables (pain NRS, BDI-II 
total and STAI-SF total) and for each of the outcome variables (mean PPT for 
the: sternum; medial knee joint-line; lateral knee joint-line; and medial tibia mid-
shaft) by inspecting histograms and examining this statistically using the 
Kolmogorov-Smirnov test. All histograms for the variables suggested that they 
were not normally distributed (i.e. the distributions appeared skewed; see 
Appendix 14 for the histograms used for assessing the normality of these factors). 
This conclusion of non-normality was reinforced by the Kolmogorov-Smirnov test 
which was significant for all factors (at the p < .05 level) (sternum PPT mean: 
D(77) = .131, p = .002; medial knee joint-line PPT mean: D(77) = .107, p = .030; 
lateral knee joint-line PPT mean: D(77) = .119, p = .008; medial tibia mid-shaft 
PPT mean: D(77) = .154, p < .001; pain NRS: D(77) = .120, p = .008; BDI-II total: 
D(77) = .144, p < .001; STAI-SF total: D(76) = .132, p = .002).  
 
Although the predictor variables (Pain NRS; BDI-II total; STAI-SF total) were not 
normally distributed, each had the minimum number of participants per predictor 
variable (n = 15; Field, 2009) and did not have bi-modal distributions, and so it 
was decided not to transform the data. This decision was based on guidance 
suggesting that predictors do not have to be normally distributed (Dancey & 
Reidy, 2011). However, outcome variables must be normally distributed (Dancey 
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& Reidy, 2011), and so the four mean PPT factors were transformed in order to 
meet this requirement. Log, square root and reciprocal transformations were 
calculated for each of the PPT outcome variables. Square root transformation 
resulted in the most normal distributions for the sternum, medial knee joint-line 
and lateral knee joint-line PPT means compared to the other transformation 
methods upon inspection of the histograms. For the medial tibia mid-shaft PPT 
mean, the log transformation appeared to result in a slightly more normal 
distribution than the square root transformation (as for the Kolmogorov-Smirnov 
test (log transformation): D(77) = .064, p = .200; whereas for the Kolmogorov-
Smirnov test (square root transformation): D(77) = .102, p = .047). However, the 
histogram appeared normally-distributed for the square root transformation of the 
medial tibia mid-shaft PPT mean, and so this was assessed as leading to 
acceptable normality. Furthermore, although the four mean PPT factors were not 
be used in the same multiple regression models, it was judged as more consistent 
to use the same transformation method for all outcome variables.  
 
Square root transformations of the PPT mean factors also appeared to retain 
linearity and improve the homoscedasticity for the variables of interest upon 
inspection of bivariate scatterplots (see Appendix 15). Therefore, the square root 
transformations of the outcome variables (rather than the non-transformed PPT 
means) were used for all subsequent analyses (i.e. for the remaining 
assumptions testing and for the correlation and multiple regression analyses. 
However, I will continue to refer to the PPT variables as µ(body site) PPT mean¶ 
for conciseness.  
 
Univariate outliers. 
 
As briefly discussed previously as part of the data screening process, univariate 
outliers were assessed for each variable of interest (each PPT mean; gender; 
pain NRS; BDI-II total; and STAI-SF total) by inspecting boxplots for each factor 
(see Appendix 12). This analysis identified that the BDI-II factor had four 
univariate outliers (which represented participants with higher BDI-II totals than 
other participants), and the medial tibia mid-shaft PPT mean factor had one 
univariate outlier (which again represented a higher value than other 
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participants). No outliers for the other variables were found. In order to reduce 
the impact of the BDI-II total univariate outliers, this variable was transformed, as 
recommended by Tabachnick and Fidell (2013). The square root transformation 
procedure was used so as to use the same transformation method as for the PPT 
mean outcome variables (Field, 2009). This resulted in no univariate outliers for 
the transformed BDI-II variable, and this factor appeared to retain acceptable 
linearity and homoscedasticity (see Appendix 16). The square root transformed 
BDI-,,WRWDOZLOOEHUHIHUUHGWRDVµ%',-,,WRWDO¶IRUFRQFLVHQHVVLQWKHVXEVHTXHQW
sections of the analysis. To deal with the impact of the univariate outlier for the 
medial tibia mid-shaft PPT mean, as the variable had already been transformed, 
it was decided to change the raw medial tibia mid-shaft PPT mean for this 
SDUWLFLSDQWVRWKDWWKHLUVFRUHZDVVWLOOµGHYLDQW¶EXWQRWWRWKHH[WUHPHWKDWLWZDV
originally (based on recommendations by Tabachnick & Fidell, 2013).  
 
Multivariate outliers. 
 
Multivariate outliers were assessed for each planned outcome variable (i.e. the 
individual PPT means) along with the continuous predictor variables (pain NRS; 
BDI-II; STAI-SF). In the dataset, no cases had a Mahalanobis D2 with a probability 
less than or equal to .001, and so it was concluded that no multivariate outliers 
were present in the dataset (Tabachnick & Fidell, 2013).  
 
Multicollinearity. 
 
Multicollinearity of the planned predictor variables pain NRS; BDI-II total; and 
STAI-SF total was assessed using 6SHDUPDQ¶VUKRFRUUHODWLRQV(due to the NRS, 
BDI-II and STAI-SF providing ordinal level data; Field, 2009). Multicollinearity of 
the predictor variable gender was assessed using rank-biserial correlations due 
to its dichotomous nature and the ordinal level data of the other factors (the PPT 
data was reduced to ordinal level data due to the transformations undertaken: 
Osborne, 2002). None of the predictor values were found to correlate highly with 
each other (i.e. no rs or rrb
 
value was over 0.9), and so the multiple regression 
assumption of no multicollinearity between predictors was upheld (Tabachnick & 
Fidell, 2013).  
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To calculate the rank-biserial correlations, the following formula was used: two 
times the difference between the mean ranks of the two groups (i.e. male and 
female gender) divided by the total sample size (Kraemer, 1982). See Appendix 
17 for the SPSS output showing the mean ranks for men and women for each 
PPT, calculated using Mann-Whitney analysis. The calculations for the rank-
biserial correlations between gender and each of the other study variables are 
shown in Table 13. 
 
Table 13.  
Calculations of rank-biserial correlations between gender and the other study 
factors. 
Factor correlated 
with gender 
 
Calculation of rrb rrb P of correlation
 
* 
Sternum PPT 2((34.09-45.21)/77) -.29 .030 
Medial knee joint-
line PPT 
2((32.86-46.76)/77) -.36 .007 
Lateral knee 
joint-line PPT 
2((33.79-45.59)/77) -.31 .022 
Medial tibia mid-
shaft PPT 
2((33.77-45.62)/77) -.31 .021 
Pain NRS 2((39.07-38.91)/77) .00 .975 
Depression  2((42.13-35.04)/77) .18 .167 
Anxiety 2((37.42-39.84)/77) -.06 .633 
*P-values taken from Mann-Whitney analyses for each factor (see Appendix 17). 
 
The remaining assumptions (normality of residuals and independent errors) were 
assessed following the multiple regression analysis as they required analysis of 
residuals.  
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Normality of residuals. 
 
Inspection of residual normality P-P plots and of residuals scatterplots for each 
multiple regression model suggested that the normality of residuals assumption 
was met for all four regression analyses (i.e. the models with sternum, medial 
joint-line, lateral joint-line, and medial tibia mid-shaft as outcome variables) (see 
Appendix 18 for these plots regarding normality of residuals).  
 
Autocorrelation. 
 
The assumption of uncorrelated residuals (also known as lack of autocorrelation) 
for multiple regression analyses was tested with the Durbin-Watson test. The 
reference values provided by Durbin and Watson (1951) were used to compare 
the Durbin-Watson value for each final multiple regression model to in order to 
evaluate the autocorrelation assumption. The reference values used related to 
the probability value used in the analysis (p = .05), the sample size, and the 
number of predictors included in each analysis. Therefore, for each PPT 
regression model, the Durbin-Watson comparison values for four predictors were 
used. To investigate positive serial correlation, the Durbin-Watson statistic for 
each regression was compared directly to the reference values; and to assess 
negative serial correlation the reference values were compared against the value 
UHVXOWLQJ IURP WKH FDOFXODWLRQ µ PLQXV WKH 'XUELQ-:DWVRQ YDOXH¶ (Durbin & 
Watson, 1951).  
 
There was no evidence of either positive or negative serial correlation for the any 
of the multiple regression models (sternum PPT: d = 1.78; medial knee joint-line 
PPT: d = 1.77; lateral knee joint-line PPT: d = 1.95; medial tibia mid-shaft PPT: d 
= 2.22). Therefore, none of the multiple regression models appeared to violate 
the autocorrelation assumption.  
 
 Bonferroni-Holm adjustment. 
 
To correct for the repeated multiple regression testing (i.e. for each of the four 
PPT factors), the sequential Bonferroni-Holm adjustment was applied to the alpha 
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value for each regression model (Holm, 1979): see Table 14 for the corrected 
values. 
 
Table 14.  
Bonferroni-Holm corrected alpha values for each multiple regression model. 
Multiple regression 
model * 
Bonferroni-Holm 
adjustment calculation 
 
Corrected alpha 
value 
Medial tibia mid-shaft PPT .05/4 .0125 
Lateral knee joint-line PPT .05/3 .0167 
Medial knee joint-line PPT .05/2 .025 
Sternum PPT .05/1 .05 
* Sequence order of regression models was determined according to smallest to 
largest p-values, as per the Bonferroni-Holm method (Holm, 1979), for stage 2 of 
each regression model. P-values for the models were: medial tibia mid-shaft PPT 
= .001; lateral joint-line PPT = .003; medial joint-line PPT = .004; sternum PPT = 
.006.  
 
The p-values for each multiple regression model (stage 2) were lower than the 
corrected alpha value for that particular model. Therefore, all models remained 
statistically significant following the application of the Bonferroni-Holm 
adjustment.  
 
3.2. Study 2: An Investigation into the Inter-Rater Reliability of Pressure 
Algometry QST 
 
 Sample demographics. 
 
The sample (n = 20) for Study 2 included 5 men (25% of sample) and 15 women 
(75% of sample). The age of participants ranged from 23 to 65 years, and the 
mean age was 42.00 years (SD = 12.01). Means of the PPT values at each body 
site were calculated for the participants (i.e. a mean of the PPT values for the 
body sites tested by researcher A and a mean of the data collected by researcher 
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B). Means of these PPT means were then calculated for each researcher so that 
there were four PPT means (for each body site) relating to the QST conducted 
by researcher A and four PPT means relating to the testing conducted by 
researcher B. Mean PPT data were available for all twenty participants for each 
body site, except for the medial knee joint line where only eighteen mean PPTs 
were included in the analysis. This is because medial knee joint line PPTs for two 
of the participants were not able to be recorded due to the testers being unable 
to apply enough pressure for the participants to indicate that their PPT level had 
been reached.  
 
See Table 15 for the mean PPTs and SDs for each body site for both researchers 
separately. This shows that the PPTs collected by researcher B were consistently 
higher than those collected by researcher A for all body sites. The SDs, however, 
were of similar size, suggested similar variation in the PPT data collected by both 
testers.  
 
Table 15.  
Means and SDs of PPT data collected by each researcher. 
 
 
Body site 
PPTs (kPa): mean (SD) 
Researcher A Researcher B 
Sternum 255.31 (149.56) 292.97 (154.48) 
Medial knee joint-line 355.56 (191.86) 423.91 (190.60) 
Lateral knee joint-line 416.34 (192.98) 473.59 (218.55) 
Medial tibia mid-shaft 258.09 (165.03) 301.19 (170.10) 
 
 
 Inter-class coefficients. 
 
ICCs (a measure of inter-rater reliability) were calculated for each QST body site 
to compare the PPT data collected by the two trained researchers. This provided 
quantification regarding the consistency of using the QST tool to measure PPTs 
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between the two testers. Qualitative descriptions of the ICC values were applied 
according to the system developed by Cicchetti (1994). 
 
Sternum ICC. 
 
)RUWKHVWHUQXP337GDWDWKH,&&ZDVZLWKLQWKHµH[FHOOHQW¶UDQJH,&& = .803). 
The 95% CI for the sternum ICC ranged IURPWKHµIDLU¶ WR µH[FHOOHQW¶FDWHJRULHV
(95% CI [.562, .918]). 
 
Medial knee joint-line ICC. 
 
)RUWKHPHGLDONQHHMRLQWOLQH337GDWDWKH,&&ZDVZLWKLQWKHµH[FHOOHQW¶UDQJH
(ICC = .8697KH&,IRUWKHVWHUQXP,&&UDQJHGIURPWKHµIDLU¶WRµH[FHOOHQW¶
categories (95% CI [.417, .960]). 
 
Lateral knee joint-line ICC. 
 
)RUWKHODWHUDONQHHMRLQWOLQH337GDWDWKH,&&ZDVZLWKLQWKHµH[FHOOHQW¶UDQJH
(ICC = .8287KH&,IRUWKHVWHUQXP,&&UDQJHGIURPWKHµIDLU¶WRµH[FHOOHQW¶
categories (95% CI [.581, .931]). 
 
Medial tibia mid-shaft ICC. 
 
For the medial tibia mid-shaft PPT data, the ICC was ZLWKLQWKHµH[FHOOHQW¶UDQJH
(ICC = .869). The 95% CI for the medial tibia mid-VKDIW,&&UDQJHGIURPWKHµJRRG¶
to excellent ranges (95% CI [.650, .949]). 
 
3.3. Study 3: Rasch Analysis of the STAI-SF 
 
Response rate. 
 
The response rate for the questionnaire pack (which included the STAI-SF) was 
19%, which is low but in line with the response rates of other studies undertaken 
within the Arthritis Research UK Pain Centre.  
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Demographics and questionnaire/NRS summaries. 
 
The sample for Study 3 consisted of 143 (58.1%) females and 102 (41.5%) 
males, and participants ranged in age from 41 to 93. One participant did not 
disclose their gender or age. The median knee pain NRS rating for the sample 
(minus two cases of missing data) was 8, with an IQ range of 6 to 9. The median 
STAI-SF total score was 10, with an IQ range of 8 to 15. The total STAI-SF score 
was not possible to calculate for nine participants due to missing data, with five 
participants missing data for one STAI-SF item, one participant missing data for 
three items, and three participants missing data for all six STAI-SF items. See 
Table 16 for a summary of the participant characteristics for Study 3.  
 
Table 16. 
Summary of participant characteristics for Study 3.  
 
 n % 
Gender  
    Female 
    Male 
    Missing data for gender 
 
143 
102 
1 
 
58.1 
41.5 
0.4 
 
 Mean SD 
 
Age (years) 
 
 
68.04 
 
9.46 
 Median Inter-quartile 
range* 
 
Knee pain NRS  
(range of possible scores: 1±10) 
 
STAI-SF  
(range of possible scores: 6±24)  
 
 
8 
 
 
11 
 
6 ± 9  
 
 
8 ± 15  
* 25th and 75th percentiles provided. 
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Rasch analysis. 
 
Internal consistency of the STAI-SF data (prior to beginning the Rasch analysis) 
ZDVIRXQGWREHJRRG&URQEDFK¶VĮ  (based on the criteria proposed by 
Kline, 1999).  
 
For the initial Rasch analysis, five Class Intervals were used as this appeared to 
create the most equal group sizes, with the closest to 50 cases per group per 
STAIF-SF  item, which is the recommendation (Psychometric Laboratory for 
Health Sciences, 2007). See Appendix 19 for the Class Interval distributions for 
a range of Class Interval numbers from two to six. The closest distributions to the 
recommendation of 50 cases per group per item were four and five Class 
Intervals. Five Class Intervals were selected as this resulted in a smaller range 
of Class Interval sizes (range: 27 to 47, a range of 20) than that of four Class 
Intervals (range: 36 to 63, a range of 27), which shows more equal Class Interval 
sizes of ILYHJURXSVRIµWUDLWDELOLW\¶LHDQ[LHW\VHYHULW\ZHUHFhosen.  
 
All questionnaire items showed ordered thresholds, except for item 3 (I feel 
upset). Item 3 was therefore rescored by collapsing options 1 (somewhat) and 2 
(moderately) into one response category. Therefore, instead of the possible 
response options being 0, 1, 2, or 3 (these are the adjusted values for the Rasch 
analysis), the response options for item 3 were changed to 0, 1, or 2 (coded 0112 
in RUMM2020). This rescoring was selected as most appropriate because it 
resulted in the thresholds being ordered correctly and retained more scoring 
categories that other rescoring options, which is recommended (Psychometric 
Laboratory for Health Sciences, 2007). In the analysis in which item 3 was 
rescored, four Class Intervals were selected, as this resulted in groups of the 
most equal sizes closest to 50 per group per item (see Appendix 20). 
 
See Table 17 for a summary of the initial Rasch analysis and the analysis with 
WKHVFRULQJFDWHJRULHVIURPLWHPUHVFRUHGWRµLWHPUHVFRUHG¶)RUERWK
analyses, both item and person mean Fit Residuals were close to zero, and item 
and person SD Fit Residuals were approximately equal to the ideal value of 1, 
which suggests that both of these parameters show reasonable fit to the Rasch 
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model. The item-person interaction Chi-squared statistics for the initial analysis 
were non-significant (F2 (24) = 35.31, p >.05), which suggested fit between the 
STAI-SF data and the Rasch model for the Class Intervals. However, the item-
person interaction Chi-VTXDUHGVWDWLVWLFVIRUWKHµLWHPUHVFRUHG¶DQDO\VLVZHUH
significant (F2 (18) = 30.87, p <.03), which suggested misfit to the Rasch model 
for the Class Intervals. The mean location of persons was -1.17 in the initial Rasch 
analysis and -1.25 in the rescore item 3 analysis, which are both lower than the 
centralised mean of the items (zero). This shows that, in general, the participants 
LQWKHVDPSOHUHSRUWHGORZHUDQ[LHW\WKDQWKHDYHUDJHµGLIILFXOW\¶OHYHOWKH67$,-
SF (i.e. the level of anxiety it is designed to measure).  
 
%RWK WKH µLQLWLDO DQDO\VLV¶ DQG µLWHP  UHVFRUHG¶ VFDOHV SDVVHG WKH WHVW RI
unidimensionality. Principal Components Analyses identified three items which 
loaded positively onto the first component (items 1, 4, and 5), and three items 
which loaded negatively onto the first component (items 2, 3, and 6) (these item 
groupings were the same for both analyses). For the initial Rasch analysis, 12 
out of 208 t-tests (5.77%; Binomial CI: 2.80-8.70%) comparing these two groups 
RILWHPVZHUHVLJQLILFDQW)RUWKHµLWHPUHVFRUHGDQDO\VLV¶RXWRIt-tests 
(5.29%; Binomial CI: 2.30-8.30%) were significant. Although the percentage of 
significant t-tests was over 5% for both analyses, the lower 95% CI limits for both 
analyses was below 5%, and so unidimensionality could be assumed. 
 
Table 17.  
6XPPDU\RIWKHILWVWDWLVWLFVIRUWKHLQLWLDODQGµLWHPUHVFRUHG¶Dnalyses of the 
STAI-SF. 
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As rescoring item 3 did not improve the fit of the data, and in fact resulted in a 
worse fit (i.e. the item-person interaction Chi-squared statistic became 
significant), the original scoring was retained. Therefore, the subsequent results 
are based on the initial analysis.  
 
There was no evidence of response dependency (i.e. no positive correlations 
above r = .30 were evident between any of the item residuals). Indeed, the 
correlations between the item residuals ranged from r = -.46 to r = .18. Similarly, 
no DIF was evident for age or gender (i.e. no significant main or interaction effects 
were found for any item in the two-way factorial ANOVA tests with Bonferroni 
adjustment, i.e. significance set at p < .01). In the ANOVA tests concerning age 
group, there were no significant main effects (assessing uniform DIF) of age 
group on the responses for any of the six STAI-SF items (item 1: F (2, 191) = 
0.65, p > .05; item 2: F (2, 191) = 0.70, p > .05; item 3 F (2, 190) = 0.62, p > .05; 
item 4: F (2, 191) = 0.64, p > .05; item 5: F (2, 192) = 0.12, p > .05; item 6: F (2, 
192) = 0.50, p > .05). There were also no significant interaction effects (assessing 
non-uniform DIF) between age group and Class Interval on the responses for any 
of the STAI-SF items (item 1: F (8, 191) = 1.43, p > .05; item 2: F (8, 191) = 1.48, 
p > .05; item 3: F (8, 190) = 1.70, p > .05; item 4: F (8, 191) = 1.07, p > .05; item 
5: F (8, 192) = 0.44, p > .05; item 6: F (8, 191) = 1.02, p > .05). In the ANOVA 
tests concerning gender, there were no significant main effects of gender on the 
responses for any of the STAI-SF items (item 1: F (1, 196) = 3.89, p > .04; item 
2: F (1, 196) = 0.0001, p > .05; item 3: F (1, 195) = 1.02, p > .05; item 4: F (1, 
196) = 4.01, p > .04; item 5: F (1, 197) = 3.44, p > .05; item 6: F (1, 197) = 0.63, 
p > .05). There were also no significant interaction effects between gender and 
Class Interval on the responses for any of the STAI-SF items (item 1: F (4, 196) 
= 1.45, p > .05; item 2: F (4, 196) = 2.08, p > .05; item 3: F (4, 195) = 0.77, p > 
.05; item 4: F (4, 196) = 0.28, p > .05; item 5: F (4, 197) = 1.17, p > .05; item 6: F 
(4, 197) = 1.78, p > .05).  
 
To investigate individual person fit the fit residuals for each participant were 
examined. Six individuals (2.44% of the sample) responded in an unexpected 
way (according to the Rasch model) in that they showed misfit (i.e. their fit 
residuals were outside of the fit residual range of -2.5 to 2.5). All of these six 
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misfitting individuals had high negative fit residuals (i.e. below -2.5), which 
suggests that their responses were too deterministic (Moreton et al., 2012). There 
appeared to be no gender bias in these misfitting individuals (female % = 50%). 
However, there was evidence for some bias in terms of age group (under 65 
years = 16.67%; 65 to 71 years = 66.67%; 72 years and over = 16.67%). These 
six individuals were removed from the analysis. In line with guidelines from 
Linacre (2010) to establish whether it is beneficial to remove individuals from the 
analysis, I cross-plot the person estimates (i.e. the person locations) from the 
initial analysis against those from the analysis with six people deleted. As there 
were several changes to person locations (notable from the non-linear 
configuration of some of the data points on the cross-plot: see Figure 2), it was 
decided to leave the six individuals deleted from the analysis.  
 
 
Figure 2. Plot of person locations for the initial analysis and for the analysis with 
misfitting participants removed.  
 
Once the six misfitting persons were removed, the analysis included two 
individuals with high negative fit residuals (who did not have high fit residuals in 
the initial analysis). However, their removal did not result in significant changes 
LQSHUVRQ ORFDWLRQVZKHQ WKHSHUVRQ ORFDWLRQV IURPWKH µVL[SHUVRQVUHPRYHG¶
analysis were cross-SORW DJDLQVW WKH SHUVRQ ORFDWLRQV IURP WKH µHLJKW SHRSOH
UHPRYHG¶DQDO\VLVVHH)LJXUH 37KHUHIRUHWKHµVL[SHRSOHUHPRYHG¶DQDO\VLV
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was used and the two further individuals considered for removal were retained in 
the analysis.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Plot of person locations for the analyses when six and eight misfitting 
participants, respectively, were removed.  
 
However, as shown in Table 18, the deletion of the six misfitting individuals in the 
initial analysis resulted in a worsened item-person interaction Chi-squared 
statistic, which was significant (F2 (18) = 30.93, p <.03), which suggested misfit 
to the Rasch model for the Class Intervals. As the initial analysis (with no removed 
persons) resulted in the best fit statistics, all individuals were included in the 
analysis.  
 
Table 18.  
6XPPDU\RIWKHILWVWDWLVWLFVIRUWKHLQLWLDODQGµVL[SHUVRQVUHPRYHG¶DQDO\VHVRI
the STAI-SF. 
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In the initial Rasch analysis, extreme scores (i.e. the minimum or maximum 
possible scores on the STAI-SF) were found for 35 participants (14.77% of 237 
participants who completed all STAI-SF items). The lowest possible STAI-SF total 
was scored by 34 participants (14.35% of 237 participants who completed all 
STAI-SF items), and the highest possible STAI-SF total was scored by one 
participant (0.42% of 237 participants who completed all STAI-SF items). 
Therefore, based on the recommendation to conclude the presence of floor or 
ceiling effects if over 15% of a sample score extreme scores (Terwee et al., 2007), 
it was concluded that floor/ceiling effects were not present in the STAI-SF of the 
sample in the current study.  
 
In the initial analysis, no items demonstrated misfit to the Rasch model (i.e. no 
items had high fit residuals above 2.5 or below -2.5, had significant Chi-squared 
statistics, or had significant ANOVA statistics following a Bonferroni adjustment). 
For the six items in the initial analysis, the fit residuals ranged from -1.85 to 1.66. 
The Chi-squared analyses found no significant differences between observed or 
expected scores for any of the STAI-SF items (item 1: F2 (4) = 6.31, p > .05; item 
2: F2 (4) = 5.08, p > .05; item 3: F2 (4) = 3.76, p > .05; item 4: F2 (4) = 7.10, p > 
.05; item 5: F2 (4) = 4.04, p > .05; item 6: F2 (4) = 9.01, p > .05). The ANOVA tests 
(with Bonferroni correction, i.e. significance set at p < .01) showed no significant 
differences between observed and estimated item scores across the Class 
Intervals (item 1: F (4, 202) = 1.81, p > .05; item 2: F (4, 202) = 1.11, p > .05; item 
3 F (4, 201) = 0.79, p > .05; item 4: F (4, 202) = 3.09, p > .01; item 5: F (4, 203) 
= 1.07, p > .05; item 6: F (4, 203) = 0.50, p > .03). 
 
7R PRUH IXOO\ DVVHVV WKH LPSDFW RI UHPRYLQJ WKH PLVILWWLQJ SHUVRQV WKH µVL[
SHUVRQV UHPRYHG¶ DQDO\VLV LQGLYLGXDO LWHP ILW ZDV DOVR LQYHVWLJDWHG IRU WKLV
analysis. Items 1, 2, 3, 5 and 6 did not show misfit (i.e. no items had high fit 
residuals above 2.5 or below -2.5, had significant Chi-squared statistics, or had 
significant ANOVA statistics following a Bonferroni adjustment). For these five 
items, the fit residuals ranged from -1.90 to 1.51. The Chi-squared analyses found 
no significant differences between observed or expected scores for these five 
STAI-SF items (item 1: F2 (3) = 7.42, p > .05; item 2: F2 (3) = 2.81, p > .05; item 
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3: F2 (3) = 5.19, p > .05; item 5: F2 (3) = 1.18, p > .05; item 6: F2 (3) = 7.27, p > 
.05). The ANOVA tests (with Bonferroni correction, i.e. significance set at p < .01) 
for these five questionnaire items showed no significant differences between 
observed and estimated item scores across the Class Intervals (item 1: F (3, 197) 
= 2.91, p > .03; item 2: F (3, 197) = 0.71, p > .05; item 3 F (3, 196) = 1.55, p > 
.05; item 5: F (3, 198) = 0.51, p > .05; item 6: F (3, 198) = 0.50, p > .04). However, 
LQWKHµVL[SHUVRQVUHPRYHG¶DQDO\VLVLWHPGLGGHPRQVWUDWHPLVILWWRWKHPRGHO
as the ANOVA test (with Bonferroni correction, i.e. significance set at p < .01) for 
this item showed a significant difference between observed and estimated item 
scores across the Class Intervals: F (3, 197) = 4.18, p < .01. This provides further 
evidence that removing the misfitting persons has a detrimental impact on other 
important aspects of the data fit and suggests that the initial analysis model 
provides the best fit to the Rasch model.  
 
As the initial analysis model (i.e. with no items rescored and no items/persons 
removed) was shown to be the most appropriate fit to the Rasch model, this 
DQDO\VLVZDVXVHGDVWKHµILQDOVFDOH¶7KHSHUVRQ-item threshold distribution of 
the initial analysis was inspected (see Figure 4). The distribution suggests that 
the scale was not well targeted, as the person locations (i.e. score on the STAI-
SF) are not normally distributed across the item thresholds.  
 
 
Figure 4. Person-item threshold distribution for the initial Rasch analysis of the 
STAI-SF.  
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As the initial analysis showed fit to the Rasch model, it was possible to provide 
µ5DVFKYDOXHV¶ LHSHUVRQ ORFDWLRQV WRFRQYHUW UDZ67$,-SF scores for each 
item into interval level data (Tennant & Conaghan, 2007). See Table 19 for the 
conversion values7KHµ5DVFKYDOXHV¶ZHUHDOVRWUDQVIRUPHGLQWRVFDOHGVFRUHV
based on guidance in Psychometric Laboratory for Health Sciences (2007) and 
Raw score-to-measure (2007).  
 
The following formula was used to transform the logit Rasch values into scaled 
scores (where y is the scaled score, s is the wanted range divided by the current 
range, and m is the wanted minimum score divided by the value when the current 
minimum score is multiplied by s):  
y = m + (s multiplied by person location) (Raw score-to-measure, 2007). 
In this case, s = 2.466 and m = 15.59. 
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Table 19.  
Rasch conversion scores and scaled scores for the STAI-SF.  
 
Raw STAI-SF 
total score 
Rasch value Standard Error Scaled score 
6 -3.89 1.30 6.00 
7 -2.92 0.98 8.39 
8 -2.20 0.79 10.16 
9 -1.65 0.69 11.52 
10 -1.22 0.62 12.58 
11 -0.88 0.57 13.42 
12 -0.59 0.53 14.14 
13 -0.33 0.50 14.78 
14 -0.10 0.49 15.34 
15 0.12 0.48 15.89 
16 0.33 0.48 16.40 
17 0.54 0.48 16.92 
18 0.76 0.49 17.46 
19 1.00 0.52 18.06 
20 1.27 0.55 18.72 
21 1.58 0.61 19.49 
22 1.98 0.70 20.47 
23 Values not available as there was no corresponding 
person location in the analysis 
24 3.41 1.27 24.00 
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D. Extended Discussion 
 
This extended methods section will include a discussion about the thesis 
research as a whole. I will then go on to highlight potential areas of limitation for 
Studies 1, 2, and 3 separately. I will discuss implications of the research, before 
providing a critical reflection regarding this research.  
 
The main aim of this thesis research was to investigate the relationships between 
PPTs, reported pain, depression, and anxiety for people with knee OA. The 
results of Study 1 suggest that there may be a small relationship between mood 
and PPTs in knee OA, with higher levels of depression and anxiety in the 
presence of lower PPTs. This is in line with previous knee OA research (e.g. 
Finan, Buenaver, et al., 2013), and may indicate that higher levels of depression 
and anxiety are associated with higher central sensitisaion if one accepts the 
suggestion that QST measures this central pain process. The current study also 
replicates the common finding of higher pain thresholds in men compared to 
women (e.g. Riley III et al., 1998). However, interestingly, Study 1 did not find any 
evidence of a correlation between gender and pain NRS. Putting these results 
together could suggest that there is either evidence for a real gender difference 
in central sensitisation but not pain intensity in knee OA. However, it could also 
suggest that there was something about the QST procedure which produced this 
gender difference, such as the influence of gender role socialisation (i.e. male 
SDUWLFLSDQWVQRWZLVKLQJWRVKRZµZHDNQHVV¶E\µDGPLWWLQJ¶WKDWWKHLU337KDGEHHQ
reached; Wise, Price, Myers, Heft, & Robinson, 2002) or the influence of the 
UHVHDUFKHUV¶FKDUDFWHULVWLFV(who were both female; Kállai, Barke, & Voss, 2004).  
 
Although demand characteristics and experimenter effects in QST studies with 
healthy participants have received some attention in the literature (e.g. Kállai et 
al., 2004), this is not the case for QST studies with clinical groups, such as 
individuals with knee OA. Indeed, in the literature, QST is considered an objective 
measure of pain sensitivity in musculoskeletal disorders (Courtney et al., 2010). 
This thesis research suggests that there can be an acceptable level of inter-rater 
reliability in PPT QST (as found in Study 2), but much more investigation of the 
impact of contextual and social factors on PPTs and other QST data is needed. 
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This is crucial in order to be able to fully understand and interpret research 
findings regarding any associations between QST data and other factors. 
Furthermore, it is important that these potential contextual issues regarding the 
use of QST are understood before QST is introduced as an assessment tool or 
outcome measure within in clinical practice with patients with knee OA and other 
painful conditions, as has been advocated within the literature 3DYODNRYLü 	
Petzke, 2010). 
 
This research project also highlighted potential measurement issues in using the 
STAI-SF with knee OA patients. The Rasch analysis conducted in Study 3 found 
that the STAI-SF was mistargetted, in that it did not measure the low levels of 
anxiety expressed by a substantial proportion of the knee OA sample. 
Furthermore, the low mean person location in the Rasch analysis summary 
statistics for the final analysis model also suggested that many of the participants 
had a low level of anxiety as measured on the STAI-SF. This suggests that a 
measure of anxiety to be used with people with knee OA could benefit from 
KDYLQJPRUHLWHPVPHDVXULQJORZHUµGLIILFXOW\¶LHORZHUOHYHOVRIDQ[LHW\,WPD\
be that the DAPOS measure (Pincus, Williams, Vogel, & Field, 2004) is a more 
appropriate measure of mood in this client group, although there appear to 
currently be no published Rasch analyses of the DAPOS in a knee OA sample or 
any other chronic pain group to comment on the targeting of this measure 
compared to the STAI-SF.  
 
In summary, the minimal influence of mood found on PPTs found in Study 1 could 
have been influenced by measurement issues with the STAI-SF and pressure 
QST methodology. This suggests that it is important for researchers to identify 
and attempt to rectify concerns with these pain/mood assessment tools so that 
findings in knee OA research studies using these tools are more robust. 
Furthermore, the robustness of assessment tools of pain and mood in clinical 
practice is also extremely important so that the assessment findings are as 
reliable as possible.  
 
In terms of how these research findings (particularly from Study 1) add to the 
psychological models of pain and mood, it is not possible to ascertain causation 
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and directionality of the (small) relationships found between depression/anxiety 
and PPTs due to the correlational design of Study 1. However, if PPTs are a 
quantification of central sensitisation (which could be contested, as previously 
discussed), then it could be placed within existing psychological models of pain 
based on existing theoretical understandings. All of the psychological models 
discussed in the background to this thesis propose that depression and anxiety 
in response to an initial pain experience can maintain the experience of pain and 
lead to a chronic pain process, via different psychological processes (such as 
fear-avoidance, cognitive enmeshment, and lack of acceptance). Therefore, as 
central sensitisation is thought to be caused by repeated nociception (Courtney 
et al., 2010), then it makes theoretical sense that if depression and anxiety can 
lead to further pain (i.e. repeated nociception), then central sensitisation could 
eventually develop.  
 
It would be beneficial to conduct further QST research using a range of measures 
of the psychological factors that are key to the main psychological models 
discussed in the background section (fear-avoidance, diathesis-stress, 
enmeshment, and acceptance models) in order to develop these models to 
include a consideration of central sensitisation.  
 
Study 1, however, does suggest that it may be important that psychological 
models of the pain-mood relationship also include more social factors, such as 
gender role expectations. This conclusion is novel within the knee OA literature 
base. Although existing psychological models of chronic pain do provide some 
space to consider social factors, they are all fairly individualistic and do not 
position wider systemic influences as central to the pain experience. This reflects 
the dominance of cognitive-behavioural theory and intervention in the chronic 
pain field (Roy, 2008), but does mean that wider social discourses and contextual 
factors may be overlooked in the assessment and management of pain, 
depression, and anxiety for people with knee OA and other chronic pain 
conditions.  
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Limitations of the Separate Sub-Studies 
 
4.1. Study 1: An investigation into the associations between PPTs 
and self-reported pain, depression, anxiety, and demographic factors 
in knee OA.  
 
It is important to acknowledge the potential limitations of Study 1. It has already 
been suggested that other psychological factors (such as catastrophising, fear-
avoidance, and pain acceptance) may be more associated with central 
sensitisation than depression and anxiety were found to be. It may have also 
been beneficial to include positive affect in the regression models, as this 
protective factor is beginning to be considered as important in both the general 
chronic pain literature (e.g. Pincus et al., 2004) and the QST OA literature (e.g. 
Finan, Quartana, & Smith, 2013). However, it was beyond the remit of this thesis 
research to recruit a large enough sample to include all of these variables as 
predictors in the multiple regression models. Also, the mood factors that were 
included in Study 1 (depression and anxiety) are the dominant psychological 
factors within the literature base, and so it was judged as important to include 
these variables above other potentially relevant factors.  
 
In terms of the accuracy and generalisability of the multiple regression analyses, 
although the data which violated the assumptions was transformed or adjusted, 
this does mean that for some of the factors included in the analyses, the data 
were not the actual responses from participants, which some authors believe is 
problematic (Field, 2009). Furthermore, although the sample size met the 
UHTXLUHPHQWV IRU WKH µUXOHRI WKXPE¶RISDUWLFLSDQWV IRUHDFKSUHGLFWRU IDFWRU
(Field, 2009), it did not meet the more conservative sample size calculated of 85 
participants, which could jeopardise the accuracy and validity of the multiple 
regression findings. Also, although the adjusted R squared was used in the 
multiple regression models so as to better reflect the real-world population 
(Dancey & Reidy, 2011; Tabachnick & Fidell, 2013), Field (2009) has queried the 
ability of this adjustment to improve model generalisability.  
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Finally, as the participants for Study 1 were recruited from the participants who 
completed the questionnaire pack (within the wider pain centre project), there 
may be issues regarding response bias and whether the sample in Study 1 are 
representative of all people with knee OA. As this study required participants to 
attend a University of Nottingham research location, it may be that this excluded 
potential participants who were not able to travel, for example due to severe 
physical disability or psychological difficulties. This highlights the importance of 
FRQVLGHULQJWKHVWXG\¶VILQGLQJVZLWKLQWKHVHOLPLWVRQJHQHUDOLVDELOLW\ 
 
4.2. Study 2: An investigation in the inter-rate reliability of pressure 
algometry QST. 
 
The finding of acceptable inter-rater reliability between the two QST 
administrators should be interpreted within the context of a number of potential 
limitations. As the sample in Study 2 included healthy participants with a younger 
mean age than the knee OA sample in Study 1, the representativeness of the 
inter-rater reliability findings could be questioned. However, it has been 
suggested that inter-rater reliability of QST is not affected by pain status or 
demographic characteristics (Chesterton et al., 2007), and so this may not be a 
substantial limitation. Furthermore, Study 2 was designed to assess the inter-
rater reliability of the pain-pressure QST at four specific body sites (sternum, 
medial knee joint-line, lateral knee joint-line, and medial tibia mid-shaft) between 
the two researchers who administered the QST in this thesis research. Therefore, 
the findings of acceptable inter-rater reliability are not generalisable to other QST 
methodology, other personnel administering the QST, or other body sites.  
 
4.3 Study 3: Rasch analysis of the STAI-SF. 
 
In terms of potential limitations specifically of the Rasch analysis sub-study (Study 
3), the fairly low questionnaire response rate may suggest the presence of 
response bias, which could limit the generalisability of the Rasch findings. 
Furthermore, a Rasch solution of the STAI-SF data without mistargetting was not 
found, which could suggest a lack of external validity of the questionnaire with 
knee OA patients (which obviously has implications for the interpretation of the 
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findings of Study 1). Also, the high proportion of negative fit residuals in the 
analysis of person fit shows that a substantial proportion of the responses were 
too deterministic, which means that participants consistently scored the same 
value for each item (Moreton et al., 2012) (in this case: the lowest score for all 
items). This is a problem in Rasch analysis, and could have lowered the accuracy 
and generalisability of the findings. However, determinism is more likely when a 
measure has a small number of questions, as in the case of the STAI-SF, and 
short measures of mood are often considered more appropriate in research with 
large questionnaire packs (as in the case of the wider study this thesis research 
sits within) and in clinical practice.  
 
Summary of Discussion and Implications 
 
This study provides evidence for questioning the appropriateness of 
FRQFHSWXDOLVLQJ467DVDQµREMHFWLYH¶PHDVXUHRISDLQµcentral sensitisation¶ in 
knee OA, and suggests that further research is required to investigate contextual 
factors involved in the QST process which could impact the data it provides. This 
is particularly important if QST is used in clinical practice to select subgroups of 
patients who could benefit from additional interventions such as psychological 
therapy (as has been suggested in the literature). If QST was used is this way 
within clinical practice, then it would clearly have a direct impact on the work of 
Clinical Psychologists within chronic pain settings. Therefore, it is important that 
Clinical Psychologists remain involved in QST research so that they are able to 
apply a psychological understanding to findings prior to the potential introduction 
of the methodology into the clinical settings they may work within.  
 
Critical Reflection 
 
I will now provide a critical reflection on the research included in this thesis, with 
a focus on the research process and the theoretical, scientific and ethical 
contexts. 
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Research process. 
 
I believe that conducting this study within a multi-disciplinary research centre has 
impacted on the research process. There have been many positives to this, such 
as having access to methodology I would not have had otherwise (i.e. QST), and 
being able to network with a large group of researchers with expertise in knee OA 
and chronic pain. However, conducting the research within the research centre 
has created a challenge in terms of the control I have over the studies. I managed 
this challenge by ensuring I had input into the research, which I did by selecting 
the factors I would focus on in Study 1, and by shaping the research by 
suggesting the addition of the inter-rater reliability study. From discussions with 
research colleagues based in large research centres, I have come to appreciate 
that this challenge of having individual control over research is often part of the 
nature of larger scale research. It is likely that part of this pressure I felt to have 
µHQRXJKFRQWURO¶RYHUWKHVWXG\ZDVOLQNHGWRWKDWIDFWWKDWP\UHVHDUFKZRUNLV
part of my training and my contribution will be assessed. Furthermore, I was 
µZDUQHG¶E\VHYHUDOWXWRUVRQP\WUDLQLQJFRXUVHVWRHQVXUHWKDW,KDGDGHTXDWH
input into the research, which no doubt impacted on my feelings around this 
aspect of the research process. 
 
Finally, although all three sub-studies included in this thesis are linked to the main 
research question (in Study 1), the multi-study nature of the thesis has, during 
the process, challenged me in terms of attempting to produce a coherent thesis 
and a coherent piece of research. Research supervision has helped me to 
devHORSP\WKLQNLQJDURXQG WKH µXQLI\LQJ WKUHDG¶ LQP\UHVHDUFK$OVR UHDGLQJ
publications regarding other quantitative research of doctoral-level (or above) has 
enabled me to appreciate that most quantitative studies have secondary aims 
and sub-studies within them. Throughout the research process, it has felt 
LPSRUWDQWWRDVNP\VHOIWKHTXHVWLRQµZK\DP,GRLQJWKLVDQGKRZGRHVLWUHODWH
WRP\PDLQUHVHDUFKTXHVWLRQ"¶ 
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Theoretical context. 
 
This research has positivist epistemological underpinnings, with an aim to find an 
µREMHFWLYHWUXWK¶+RZHYHUWKURXJKRXWP\WUDLQLQJDORQJVLGHWKHFRPSOHWLRQRIWKLV
thesis, I have learned more about qualitative research methods, and critical realist 
and social constructionist epistemologies. I think this may have impacted on how 
I have approached aspects of the research, which is likely to be different (and 
potentially more critical) than medical research colleagues within the research 
centre. For example, during the data collection, I have wondered myself what 
µSDLQ¶PHDQVWRSHRSOHDQGZKDWWKHLUH[SHULHQFHVRISDLQDQGH[SUHVVLQJSDLQ
have been like and how they have impacted on them, if at all. Remaining faithful 
to the positivist theoretical context has also been challenged during the data 
collection process when participants have shared their experiences of how knee 
OA has affected them, and I felt interested in these stories. The questionnaires 
used aimed to capture some of this, but I felt, at times, that the reductionism of 
my quantitative approach may not haYHIXOO\FDSWXUHGSDUWLFLSDQWV¶H[SHULHQFHV 
 
Related to my experiences of the limitations of a quantitative approach, I have 
been able to reflect on the differences between my position in regards to the 
theoretical underpinnings of the research and that of other researchers involved 
in the wider research project. For example, the gender difference in PPTs found 
in Study 1 has been interpreted by some colleagues in the research centre as 
µIXOO-SURRI¶HYLGHQFH IRUDQ LQQDWHGLIIHUHQFH LQSDLQSHUFHSWLRQEHWween males 
and females. I am reluctant to accept this explanation, and, although I do see a 
role for biological mechanisms in the experience of pain, I think that the gender 
differences found in this research must be considered in the light of the impact 
tKDWWKH467WHVWHUV¶DJHVDQGJHQGHUPD\KDYHKDGDVZHOODVWKHLPSDFWRI
gender role expectations. The different way I have considered these results 
compared to other (more medical) researchers has helped me appreciate the 
benefits of having a multidisciplinary research team in order to conduct pain 
research based on rich understandings of many of the different factors involved 
in the experience and expression of pain. My experiences of conducting this 
research in a fairly medical research environment has also helped me consider 
the dominant discourses regarding knee OA that clients are privy too, and how 
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WDNLQJSDUW LQ SV\FKRORJLFDO UHVHDUFKPD\ VHHPYHU\ µGLIIHUHQW¶ WRPRVW RI WKH
clinical and research contexts a person with knee OA would usually experience.  
 
Scientific context. 
 
Through conducting psychological research focussed on a physical health 
FRQGLWLRQ,KDYHRIWHQIHOWDµSXOO¶WRMXVWLI\WKLVUHVHDUFKSRWHQWLDOO\WRDJUHDWHU
extent than I would have done if my research was focussed on a mental health 
difficulty. I have wondered whether the requirements of my training course has 
impacted on this, which state that enough psychological theory must be included. 
I also think that the dominance of medical research in the field of knee OA has 
affected my experience of the scieQWLILFFRQWH[WDQG,KDYHIHOWHTXDOO\µSXOOHG¶WR
communicate the importance of a psychological understanding in pain conditions 
such as knee OA to medical research colleagues involved in the wider research 
project. My position as a psychological researcher in a medical area has also 
KLJKOLJKWHGWKHWHQVLRQVEHWZHHQPHGLFDODQGSV\FKRORJLFDOYLHZVRIµVFLHQFH¶
and I appreciate that this is a challenging position to hold, but one with potential 
to develop very novel understandings in a traditionally medical domain.  
 
The use of statistics in this research has also led me to reflect on the dominance 
of the common discourse around statistics within quantitative research as being 
an objective science. There have been many stages during the statistical 
analyses where I have had to make decisions and judgements which then 
affected the final results. Although I aimed to make the best judgements based 
on the data and appropriate guidelines, this process has helped me to appreciate 
the importance of having clear justifications for the choices made in statistical 
analyses and to be more critically aware of the decisions made in the analyses 
within RWKHUUHVHDUFKUDWKHUWKDQWDNLQJWKHUHVXOWVDW µIDFHYDOXH¶7KLVFULWLFDO
awareness of the nature of statistics in scientific research is also likely to benefit 
future research I conduct. 
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Ethical context. 
 
As this thesis research is part of a much wider project in a large research centre, 
the ethical approvals for Studies 1 and 3 were already in place when I became 
involved. I have learned a lot from research supervision regarding the complexity 
of gaining ethical approval from multiple NHS trusts for research which is 
frequently evolving and requiring ethical amendments. I was pleased to have 
more direct involvement in the ethics application for Study 2, and want to ensure 
that I gain more experience of producing ethics applications in my future research 
career.  
 
Finally, the wider research project that this thesis sits within has produced very 
large data sets with data from a wide number of questionnaires. I have reflected 
on the ethical implications of this, and although it was beyond the remit of my 
research questions and this thesis to analyse all of the data, it is very important 
that all of the data is used in future publications by the research centre. It seems 
necessary, on an ethical level, to value all of the information collected from 
participants, and I believe it is important to remember this in the case of large 
data sets, where it could be easy to just think of the data as data, rather than as 
personal information volunteered by people experiencing a painful medical 
condition. This is a belief that I will carry with me into my future research career, 
particularly if I am involved in studies with large data sets.  
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Appendix 1. 
 
Search strategy 
The following limits were placed on the search strategy: clinical trial or 
randomized controlled trial or controlled clinical trial or phase 1 clinical trial or 
phase 2 clinical trial or phase 3 clinical trial or phase 4 clinical trial; humans; 
adults; English language studies; peer-reviewed journal; remove duplicates.  
 
Osteoarthritis  
1. osteoarthritis/ 
2. osteoarthritis/ 
3. osteoarthritis, hip/ 
4. osteoarthritis, spine/ 
5. osteoarthritis, knee/  
6. osteoarthrosis/  
7. gonarthritis/   
8. gonarthrosis/   
9. gonitis/   
10. coxarthritis/ 
11. coxarthrosis/   
12. coxitis/  
13. (osteophyte$).mp.  
14. (joint space adj6 narrow$).tw.   
15. (degenerative adj2 arthritis or osteoarthr$ or osteo-arthritis).mp. 
16. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 
 
Psychological intervention  
 
17. CBT/ 
18. (cognitive behav$ therap$).mp. 
19. cognitive behav$ treatment/ 
20. cognitive behav$ intervention/ 
21. (cognitive therap$).mp. 
22. cognitive treatment/ 
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23. cognitive intervention/ 
24. (behav$ therap$).mp. 
25. behav$ treatment/ 
26. behav$ intervention/ 
27. computerised CBT/ 
28. (computerised cognitive behav$ therap$).mp. 
29. computerised cognitive behav$ treatment/ 
30. computerised cognitive behav$ intervention/ 
31. CCBT/ 
32. cCBT/ 
33. ACT/ 
34. (acceptance and commitment therap$).mp. 
35. (acceptance commitment therap$).mp. 
36. (acceptance and commitment).mp. 
37. acceptance-based/ 
38. (acceptance based).mp. 
39. mindfulness/ 
40. meditation/ 
41. vipassana/ 
42. mindfulness based stress reduction/ 
43. mindfulness-based stress reduction/ 
44. MBSR/ 
45. (mindfulness based cognitive therap$).mp. 
46. (mindfulness-based cognitive therap$).mp. 
47. MBCT/ 
48. relaxation/ 
49. (family therap$).mp. 
50. (systemic therap$).mp. 
51. (couple therap$).mp. 
52. (couples therap$).mp. 
53. pain management group/ 
54. PMG/ 
55. Pain management programme/ 
56. Pain management program/ 
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57. PMP/ 
58. pain management training/ 
59. self-management group/ 
60. self-management training/ 
61. self management group/ 
62. self management training/ 
63. educational intervention/ 
64. psychoeducation/ 
65. psychoeducational/ 
66. psychoeducational intervention/ 
67. psychoeducational treatment/ 
68. (psychoeducational therap$).mp. 
69. psychosocial intervention/ 
70. psychosocial treatment/ 
71. (psychosocial therap$).mp. 
72. psychological education/ 
73. psychological intervention/ 
74. psychology intervention/ 
75. (psychological therap$).mp. 
76. (psychology therap$).mp. 
77.  (psychotherap$).mp. 
78. counselling/ 
79. counseling/ 
80. hypnotherap$.mp. 
81. guided imagery/ 
82. arthritis self-management/ 
83. arthritis self management/ 
84. self-management/ 
85. self-care/ 
86. self-help/ 
87. self-improvement/ 
88. self management/ 
89. self care/ 
90. self help/ 
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91. self improvement/ 
92. patient education/ 
93. patient teaching/ 
94. patient training/ 
95. expert patient/ 
96. (non surgical or non-surgical or non pharmacological or non-
pharmacological or conservative management or conservative 
therap$).mp. 
97. (group program or group programme or group therap$).mp. 
98. 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 
or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 
42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 
or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 or 66 or 
67 or 68 or 69 or 70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 
or 80 or 81 or 82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 
92 or 93 or 94 or 95 or 96 or 97 
 
Anxiety  
 
99. anxiety/ 
100. GAD/ 
101. generalised anxiety disorder/ 
102. generalised anxiety/ 
103. generalized anxiety disorder/ 
104. generalized anxiety/ 
105. panic disorder/ 
106. panic/ 
107. agoraphobia/ 
108. agoraphobic/ 
109. health anxiety/ 
110. health phobia/ 
111. health-related anxiety/ 
112. health related anxiety/ 
113. social anxiety/ 
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114. social phobia/ 
115. PTSD/ 
116. post-traumatic stress disorder/ 
117. posttraumatic stress disorder/ 
118. post-traumatic stress/ 
119. posttraumatic stress/ 
120. OCD/ 
121. obsessive compulsive disorder/ 
122. obsessive-compulsive disorder/ 
123. phobia/ 
124. phobic/ 
125. fear/ 
126. state anxiety/ 
127. trait anxiety/ 
128. anxious/ 
129. stress psychological/ 
130. (anxi$ or agitat$ or nervous$ or apprehen$ or worr$ or stress$).mp. 
131. 99 or 100 or 101 or 102 or 103 or 104 or 105 or 106 or 107 or 108 or 109 
or 110 or 111 112 or 113 or 114 or 115 or 116 or 117 or 118 or 119 or 
120 or 121 or 122 or 123 or 124 or 125 or 126 or 127 or 128 or 129 or 
130 
 
Full Search: 16 and 98 and 131 
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Appendix 2 
 
Letter of access for my involvement in the research and an email 
regarding the approval needed for my involvement 
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From: Brindley Christina (Trent CLRN) [mailto:Christina.Brindley@nuh.nhs.uk]  
Sent: 13 February 2012 10:03 
To: Bryan Moreton 
Cc: Victoria Tew 
Subject: RE: Letters of Access (9227) 
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Hi Bryan 
  
If the psychologist is only attending at NUH then a letter of access is only 
required at NUH. If she is required to attend SFH, then we would require a LoA 
there too. I will require a copy of her signed and dated CV to add her to the 
research team, with a covering email.  
  
You will then receive two letters: one will be the letter of access, and the other 
will be an amendment approval letter for the addition of a researcher. Please 
ensure both are in place before the psychologist commences any research 
activity.  
  
The research passport will need validating by one of my managers here at NUH 
who will be able to issue the letter of access, so please let me know if I can help 
with organising this, once the details are completed by the University and HR 
first.  
  
Many thanks in advance.  
  
Kind regards 
Christina 
  
Christina Brindley 
Lead Network Research Management & Governance Facilitator 
Trent Comprehensive Local Research Network 
  
A new IT system to support CSP across the NHS is being rolled out by the 
NIHR Clinical Research Network. You may experience some delays to our 
service whilst the new system beds in and we apologise to anyone affected. We 
want to assure you that all those involved are working hard to ensure that full 
service is restored as soon as possible.  
  
Nottingham Integrated Clinical Research Centre 
Nottingham University Hospitals NHS Trust 
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Queen's Medical Centre Campus 
C Floor, South Block 
Derby Road 
Nottingham 
NG7 2UH 
  
Tel: 0115 9249924 extension 70641  
Fax: external 0115 849 3295 Internal 35295 
  
Trent CLRN website: http://www.crncc.nihr.ac.uk/about_us/ccrn/trent/ 
Trent CLRN inbox: [nuhnt.trentclrn@nhs.net]nuhnt.trentclrn@nhs.net 
  
From: Bryan Moreton [mailto:Bryan.Moreton@nottingham.ac.uk]  
Sent: 09 February 2012 09:42 
To: Brindley Christina (Trent CLRN) 
Cc: Victoria Tew 
Subject: Letters of Access (9227) 
  
Hi Christina, 
  
We would like a psychologist to conduct some of the QST at City Hospital for 
my study (9227) to help Maggie. She has applied for a letter of access from 
NUH to conduct the research. However, I just wanted to checNVKHZRXOGQ¶W
need anything else.  
  
,UHPHPEHU\RXSUHYLRXVO\VDLGUHJDUGLQJ467WKDWµLetters of access are only 
required if you physically need to be at a GP practice for any reason related to 
the research.¶7KDWZRXOGLPSO\WKDWVKHRQO\QHHGVRQHIURm NUH and not from 
the PCTs for the GP patients. However, I just wanted to check whether she 
would need one from SFH. I figure it is not needed, but it is always worth 
checking (especially seeing as Maggie and I have a LOA from SFH).  
  
Thank you,   
Bryan 
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Appendix 3 
All ethical documentation relevant to Studies 1 and 3 of this thesis 
research: final approval letters and approval details from Comprehensive 
Local Research Network (CLRN)
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Sherwood Forest Hospitals NHS Trust approval email 
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NHS Derby City and Derbyshire County Primary Care Trusts approval 
letter 
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NHS Nottingham City Primary Care Trust, NHS Nottinghamshire County 
Primary Care Trust and County Health Partnerships approval email 
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NHS Bassetlaw Primary Care Trust approval letter 
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Appendix 4 
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Appendix 5 
Instructions for QST patients 
The idea of these tests is to look at pain thresholds in people with OA. We 
DUHQ¶WORRNLQJDWKRZPXFKSDLQ\RXFDQWROHUDWHVLPSO\DWZKDWSRLQW\RXstart 
to feel pain. The pain you feel will only be fleeting, as the test will be stopped as 
soon as you indicate that you have started to feel pain. 
You will hold this push button in your dominant hand and I will start to apply a 
graded pressure on your finger nail bed.  
You will feel pressure as the probe is pressed down and the pressure will be 
gradually increased.  
As soon as the pressure starts to change to pain, you should press the button 
and I will withdraw the probe.  
The first test is on the finger nail and is really just a practice to let you know how 
it feels.  
Then I will do the same on other parts of your body. Specifically the sternum, 
around the knee joint and on the lower leg.  
At each site I will take 3 readings with a few seconds in between. 
Between each site there will be a 2 minute break. 
The computer records your pain threshold of each test and this will be 
compared with other volunteers who also have osteoarthritis in their knee. 
$OVRLQDZHHN¶VWLPHZHFDn see if your results have changed from the first set 
of tests. 
If, for any reason, you want to stop, let me know straight away.  
Do you have any questions? 
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Appendix 17 
Mann-Whitney analysis SPSS output for each factor 
 
 
Ranks 
 GENDER N Mean Rank Sum of Ranks 
SQRT_SternumPPTmea
n 
M 34 45.21 1537.00 
F 43 34.09 1466.00 
Total 77   
 
 
Test Statisticsa 
 SQRT_Sternu
mPPTmean 
Mann-Whitney U 520.000 
Wilcoxon W 1466.000 
Z -2.164 
Asymp. Sig. (2-
tailed) 
.030 
a. Grouping Variable: GENDER 
 
 
Ranks 
 GENDER N Mean Rank Sum of Ranks 
SQRT_MedJLPPTmea
n 
M 34 46.76 1590.00 
F 43 32.86 1413.00 
Total 77   
 
 
Test Statisticsa 
 SQRT_MedJL
PPTmean 
Mann-Whitney U 467.000 
Wilcoxon W 1413.000 
Z -2.708 
Asymp. Sig. (2-
tailed) 
.007 
a. Grouping Variable: GENDER 
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Ranks 
 GENDER N Mean Rank Sum of Ranks 
SQRT_LatJLPPTmea
n 
M 34 45.59 1550.00 
F 43 33.79 1453.00 
Total 77   
 
 
Test Statisticsa 
 SQRT_LatJLP
PTmean 
Mann-Whitney U 507.000 
Wilcoxon W 1453.000 
Z -2.298 
Asymp. Sig. (2-
tailed) 
.022 
a. Grouping Variable: GENDER 
 
 
Ranks 
 GENDER N Mean Rank Sum of Ranks 
SQRT_MidtibPPTmea
n 
M 34 45.62 1551.00 
F 43 33.77 1452.00 
Total 77   
 
 
Test Statisticsa 
 SQRT_Midtib
PPTmean 
Mann-Whitney U 506.000 
Wilcoxon W 1452.000 
Z -2.308 
Asymp. Sig. (2-
tailed) 
.021 
a. Grouping Variable: GENDER 
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Ranks 
 GENDER N Mean Rank Sum of Ranks 
NRSPAIN_1 
M 34 38.91 1323.00 
F 43 39.07 1680.00 
Total 77   
 
 
Test Statisticsa 
 NRSPAIN_1 
Mann-Whitney U 728.000 
Wilcoxon W 1323.000 
Z -.031 
Asymp. Sig. (2-
tailed) 
.975 
a. Grouping Variable: GENDER 
 
 
Ranks 
 GENDER N Mean Rank Sum of Ranks 
SQRT_BDITotal 
M 34 35.04 1191.50 
F 43 42.13 1811.50 
Total 77   
 
 
 
Test Statisticsa 
 SQRT_BDITot
al 
Mann-Whitney U 596.500 
Wilcoxon W 1191.500 
Z -1.383 
Asymp. Sig. (2-
tailed) 
.167 
a. Grouping Variable: GENDER 
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Ranks 
 GENDER N Mean Rank Sum of Ranks 
STAI_Total 
M 34 39.84 1354.50 
F 42 37.42 1571.50 
Total 76   
 
 
Test Statisticsa 
 STAI_Total 
Mann-Whitney U 668.500 
Wilcoxon W 1571.500 
Z -.478 
Asymp. Sig. (2-
tailed) 
.633 
a. Grouping Variable: GENDER 
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Appendix 18 
 
Sternum PPT: 
 
 
 
 
 
 
 
  
198 
 
Medial knee joint-line PPT: 
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Lateral knee joint-line PPT: 
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Medial tibia mid-shaft PPT: 
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Appendix 19 
 
2 Class Intervals 
 
STAI-SF item 
Class Interval: 
1 2 
 
1 107 100 
2 106 101 
3 107 99 
4 107 100 
5 107 101 
6 107 101 
 
Mean frequency: 
Ideal value: 
 
106.8 
50 
 
100.3 
50 
 
3 Class Intervals 
 
STAI-SF item 
Class Interval: 
1 2 3 
 
1 64 70 73 
2 63 70 74 
3 64 70 72 
4 64 69 74 
5 64 70 74 
6 64 70 74 
 
Mean frequency: 
Ideal value: 
 
63.8 
50 
 
69.8 
50 
 
73.5 
50 
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4 Class Intervals 
 
STAI-SF item 
Class Intervals: 
1 2 3 4 
 
1 63 59 49 36 
2 63 58 49 37 
3 63 59 57 27 
4 63 58 49 37 
5 63 59 49 37 
6 63 59 49 37 
 
Mean frequency: 
Ideal value: 
 
63.0 
50 
 
58.7 
50 
 
50.3 
50 
 
35.2 
50 
 
5 Class Intervals 
 
STAI-SF item 
Class Interval: 
1 2 3 4 
 
5 
1 41 47 46 37 36 
2 41 46 46 37 37 
3 41 47 46 45 27 
4 41 47 45 37 37 
5 41 47 46 47 27 
6 41 47 46 47 27 
 
Mean frequency: 
Ideal value: 
 
41.0 
50 
 
46.8 
50 
 
45.8 
50 
 
41.7 
50 
 
31.8 
50 
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6 Class Intervals 
 
STAI-SF item 
Class Interval: 
1 2 3 4 
 
5 
 
6 
 
1 41 23 43 39 35 26 
2 41 46 34 38 37 11 
3 41 23 43 39 33 27 
4 41 23 43 38 35 27 
5 41 47 34 38 37 11 
6 41 47 34 38 37 11 
 
Mean frequency: 
Ideal value: 
 
41.0 
50 
 
34.8 
50 
 
38.5 
50 
 
38.3 
50 
 
35.7 
50 
 
18.8 
50 
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Appendix 20 
 
 
STAI-SF item 
Class Intervals: 
1 2 3 4 
 
1 42 49 59 57 
2 42 48 59 58 
3 42 49 59 56 
4 42 49 58 58 
5 42 49 59 58 
6 42 49 59 58 
 
Mean frequency: 
Ideal value: 
 
42.0 
50 
 
48.8 
50 
 
58.8 
50 
 
57.5 
50 
 
